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PREFACE. 



'*) 



Two objections, I fear, may be made to the publi- 
cation of these volumes. It may be said that there 
is no need of another treatise upon chemistry; 
and, in the second place, that if there is, it should 
be written by a professed chemist, and not by one 
who, like myself, has only attended to chemistry 
in common with physiology and other sciences. 

To the first of these objections I would say, 
that there certainly are in our language more than 
two or three very excellent manuals of chemistry, 
but all written so as to suit the wants of those 
who intend to make chemistry the main object of 
their lives. There are also one or two good 
elementary books for the use of schools. But it 
K^ appears to me that we do not possess a treatise on 
chemistry more extended than the latter, but less 
minute than the former, and intended for the 
wants of the general scholar and of men of the 
world, whose active occupations are more or less 
based upon a knowledge of chemical principles 
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and chemical facts. And yet chemistry has now 
become of such importance, that every educated 
man, to be such, must have a general knowledge 
of it ; and there are a great number of professions 
and trades, of which medicine, farming, calico 
printing, or brewing may be instanced at random, 
which can only be satisfactorily conducted, and be 
reasonably expected to be improved, by means of 
chemistry. To supply this numerous class with a 
manual of chemistry, having a moderate bulk and 
price, has been my object in writing the following 
sheets. 

With regard to the second of these objections, 
I am not sure if, considering my intentions re- 
specting the book, that position of mine which I 
suppose to be complained of be not a positive 
advantage. There is, in truth, but one science, 
and our artificial divisions of it have sometimes 
surely had their barriers too well kept up. Man 
is always inclined to be pedantic, and the isolated 
ideas of the scholastic pedagogue have, perhaps, 
insensibly crept into the domain of science. At least, 
the reason that so very many students of chemis- 
try, certainly, the majority, break down in despair, 
long ere they have mastered the subject, seems to 
me to be partly owing to its being treated so much 
as an abstract matter by itself, and so little in 
common with the general philosophy of matter. 
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I have tried to go upon another plan^ and have 
endeavoured to dwell upon the fact, that the stu- 
dent of chemistry must not be content with the 
mere chemistry of the laboratory. This^ indeed, 
is absolutely necessary to know, and is the basis 
of all farther inquiry ; but a great part of it is, in 
one sense, quite artificial. 

Accordingly, in the first Book I attempt to 
state the Properties of the Elementary Bodies, and 
the compounds that they form when two or more 
are put together in a pretty isolated state in the 
laboratory. But it is notorious, that in the labo- 
ratory of nature these elements form much more 
complex compounds. Hence, I have thought it 
necessary to notice in Book II. the chemical 
nature of the Compounds that naturally exist in 
the Minerals and Rocks of the Globe. In Book 
III. I endeavour to describe the Chemistry of 
Animal and Vegetable Bodies that are only just 
dead ; or, to use the common expression, Organic 
Chemistry. In the next division I attempt an 
outline of what seems to be most probable with 
regard to the Changes that Matter undergoes in 
these bodies before they die, and when their 
vitality is in full vigour ; and I conclude with an 
account of some of the Applications of Chemistry 
to the Arts. 

The subject is a very wide and a difficult one ; 
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and I cannot hope that the following pages do not 
contain many faults, both of omission and com- 
mission. Still, I have bestowed labour upon it, and 
honestly tried to make it a System of Chemistry 
that may be of use to the general scholar and man 
of the world. And if I have at all succeeded in 
this, I shall not grudge the pains. 



CONTENTS. 



Ihtboduction - - . .. • -1 



BOOK L 

THE REVELATIONS OF THE LABORATORY, OR THE PRESENT 
STATE OF INORGANIC CHEMISTRY. 



CHAPTER I. 
Heat and its Chemical Relations ^ ' - 23 

CHAP. n. 

The Atomic Theory - - - " ■* 61 

CHAP. m. 

Chemical Affinity and the Laws of Clieiiiical Combination 68 



X CONTENTS. 

CHAP. IV. 

Page 

Chemical Nomenclature and Notation - - - 80 

CHAP. V. 
Law of Gaseous Volumes - - • - 91 

CHAP. VI. 

The Non-metallic Elements and their Binary Com- 
binations - - - - • - 94 

CHAP. vn. 

The Metals, and their Binary Compounds with Non- 
metallic Elements - - • • • 159 

CHAP. vni. 

Alloys and Amalgams ----- 253 

CHAP. IX. 
General Properties of Salts - - - - 260 

CHAP. X. 
The more important Salts - - - - 274 






CONTENTS. xi 



BOOK IL 

THE CBUST OF THE EABTH, OR THE CHEMI8TRT OF 
6E0L06T. 



CHAPTER!. 

Page 

The Compodtion of the most important of the Minerals - 303 



CHAP. n. 
The Chemistry of the Rocks - - - - 329 



THE 
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INTRODUCTION. 



We can easily conceive that, at an early period of hu^ 
man society, no one had discovered any of the truths 
or principles of science. Lideed, at the present day, 
and in the most highly civilised countries of Western 
Europe, the great majority of mankind are quite igr 
norant of such ; and there are yet whole nations who 
do not know one of the revelations or abstractions of 
science. Mankind, however, cannot exist without 
the exercise of some of the arts ; and all tradition and 
aU history tell that the two earliest of these that were 
cultivated were, first hunting, and subsequently farm- 
ing. There is every reason to believe that for long 
man was content with the exercise of these two arts, 
with a little mechanical skill in making weapons and 
implements of wood and stone, and with manipulating 
skins of animals for raiment. The next art that was 
discovered, probably after a long interval, was that of 
metallurgy. 

Even for a long time after the discovery of iron, 
and of the art of obtaining it from the ore, there does 
not appear to have been much, if any, division of 
labour. The father of the family, in those patriarchal 
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times, was indeed the prince and the priest ; but he 
seems to have toiled at the various necessary labours 
along with his children and dependants. Men en- 
gaged in daily physical drudgery cannot be expected 
to find out the principles of science, and the men to 
whom we now refer, doubtless, discovered none of 
them. 

At length a sacerdotal class arose, the ofiice of the 
members of which was to administer the rites of 
religion, and who were exempt, and indeed prohi- 
bited, from bodily toil. It was from the contempla- 
tions and reflections of this sacerdotal class that 
science took its origin. This modification of the 
original state of society appeared in Egypt, probably 
nearly four thousand years ago ; and there can be no 
doubt but that the Egyptian priests arrived at a great 
familiarity with the truths of science. Unfortunately, 
they took as much trouble to keep their discoveries 
to themselves as to make them, and Egyptian learning 
nearly perished with the extinction of the Egyptian 
monarchy and religion. We know, however, that 
they were well acquainted with astronomy; their 
pyramids, by far the vastest monuments of stone that 
the world has ever possessed, attest an intimate 
familiarity with geometry and mechanics ; the word 
ehemeia, from which chemistry is derived, is an 
Egyptian expression ; and it is almost certain, that as 
long ago as six centuries before the Christian era, 
the Egyptians were aware of the existence of the 
Americas. 

But although their knowledge mainly perished with 
them, it is likely that we have been indirectly affected 
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by it, througli the medinm of Pjrthagoras and of Moses. 
The latter, bred up amongst the sacerdotal class, was 
'^skilled in all the learning of the Egyptians;" and 
among the early Hebrew writings may be found 
traces of a great scientific principle, unknown to our 
ancestors and only just acquired by us. With re- 
gard to Pythagoras, so much mystery surrounds both 
his life and his doctrines, that it is not always easy 
to speak decidedly regarding either. He obtained ad- 
mission into the college of Egyptian priests at Thebes, 
where he remained for many years. At length, when 
he had fully studied the Egyptian philosophy, he 
established himself as the head of a philosophical 
sect at Crotona. Much of what he taught was, 
perhaps, his own deduction; but so much at least 
tnust have been acquired from his instructors. Un- 
fortunately he adopted an exoteric and an esoteric 
mode of teaching. To the many he addressed dis- 
courses, recommending temperance and control over 
the passions, applauded virtue, and rebuked vice. 
But he had a chosen band, only admitted after a 
long probation, to whom, and to whom alone, he 
delivered his system of philosophy. It is probable, 
indeed, that the open avowal of any philosophical 
doctrines was, in the days of mythological religion, 
dangerous; farther, Pythagoras committed nothing 
to writing, and we have to trust to subsequent 
authors for a knowledge of his doctrines. This ren- 
ders an account of his opinions still more difficult. 

One of the aims of Pythagoras would appear to 
have been to form a general system of philosophy, 
the various portions of which, the arithmetic, the 

n 2 
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geometry, the astronomy, the physics, the fine arts, 
the morals, and the theology, should have a mutual 
relation and dependence on one another, and should 
possess intimate analogies* His leading idea would 
seem to have been that every thing is in a state of 
eternal change and alteration from the state that it 
is in, but that eventually it will return to the same 
or to an analogous state to that which it starts from ; 
and farther, that in many cases these changes take 
place in harmonic ratios that can be expressed by 
numbers. 

Thus he taught that the sun was the centre of our 
system, and that the planets were for ever revolving 
around that luminary. He held that each planet was 
perpetually altering its position with regard to the 
sun, and yet always tending to regain its former 
position. For two thousand years this account of the 
planetary motions was regarded as false and chime- 
rical. Since the time of Copernicus it has been, as 
it now is, universally believed to be the true statemient. 

He farther taught, that the relative distances of the 
planets from the sun were such, that the numbers ex- 
pressing them would have the same relation to each 
other as the vibrations of a musical string in a har- 
monic chord. Into this subject we need not here 
enter. 

The discovery of the principles of music is, on 
sufficient authority, attributed to Pythagoras. He 
found experimentally that, when successive notes fol- 
lowed one another, and when the numbers of the 
vibrations produced in the string during a second of 
time, were in harmonic ratios, as for example, when a 
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tonic dambumt and medisnt accompuijeitdi olher> 
there was luunnony ; and whea thb was not the case, 
that there was disounL It is aLooost certain that he held> 
that analogous measurements existed with r^ard to 
heanty in form. The accnracj of his dogmata re- 
garding mnsic is now muTersaUy adnutted ; hat his 
hypothesis respecting other kinds of material beauty, 
hare been for centnnes disr^arded. Of late they 
hare been adTocated» or rather again promalgated by 
Mr. Hay, and there is every prospect that they will 
eventnally be receiyed. 

It is also carious to remark, that the doctrine now 
universally maintained by geologists, to the efiect 
that the great masses of matter, lands and seas, are 
in a constant, although slow, state of transmutation 
iDto one another, was one of the doctnnes of Pytha- 
goras. It is not, however, until within these last 
twenty years that this opinion has been accepted 
among the modems. 

It is di£Scult to decide as to the Pythagorean doe^ 
trine of the nature of matter; but it is probable that 
he held, that each mass of matter was made up of 
a congeries of atoms, or monads, as he termed them. 
We have no evidence, however, that Pythagoras ap- 
plied his doctrine of numbers to the different combi- 
nations of various kinds of atoms in any way resem- 
bling the modern doctrine of chemical equivalents, or 
the atomic theory. 

But perhaps the most remarkable of the opinions 
of Pythagoras was, that regarding the circulations of 
the different atoms of matter; and he held that thf^y 
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were continually changing their position. In the 
words of his commentator : — 

Omnia mutantnr ; nihil interit. Errat et illinc 
Hue venit, hinc illinc. 

We, from our exactor knowledge of the chemistry 
of the elements, can express this doctrine more de- 
finitely. We see, for example, that a wheat plant is 
composed of the diflferent elements called carbon, 
oxygen, iron, phosphorus, sodium, &c., and that the 
air and the soil around it contain these very ele- 
ments, and afford them to the growing plant. In 
fact, we plainly perceive these elements passing 
from the inorganic world into the structure of the 
wheat plant. We then witness an animal whose 
structure is likewise composed of carbon, oxygen, iron, 
phosphorus, sodium, &c., eat this wheat plant, and 
the elements of the plant become the elements of the 
animal. We then farther witness the animal's death, 
the consequent putrefaction of its body, and the 
return of these elements to the soil, and the air to 
be again the food of a wheat or some other plant. 
Matter is for ever passing from the inorganic world 
to the organic, and back again from the organic to the 
inorganic. This doctrine can only be clearly ex- 
pressed by one familiar with the results of modem 
chemical analysis. But it is plain that Pythagoras 
had at least an outlined idea of the phasis of matter. 
Other causes besides his secret mode of teaching, 
contributed to prevent the philosophy of Pythagoras 
from obtaining a firm hold upon his contemporaries 
and their descendants. He and his college were 
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mixed up with the politics of the day ; and having 
joined the oligarchical faction^ the populace rose upon 
them^ humt their residence, put many of them to 
deaths drove the remainder into exile, and their great 
leader died of hunger in his flight. Moreover, at 
this period knowledge had arrived at such a stage 
in her progress that she began to be divided into 
sections, and one man devoted himself to mathema- 
tics, another to medicine, a third to astronomy, and 
so forth. One result of this was, that the desire of 
having a general system of philosophy that would em- 
brace universal knowledge, became weakened. An- 
other result would doubtless be a great addition of 
new facts ; and in tracing the history of science, we 
can perhaps also notice that there are certain stages 
in the accumulation of facts that tend to produce the 
spirit of scepticism and that of encyclopedism. 

Accordingly, in less than a century after the death 
of Pythagoras, we have the type of the former in 
Socrates, and a generation later, of the latter in 
Aristotle. The favourite and constantly reiterated 
saying of Socrates was, *' He knew nothing save this 
— that he knew nothing," which is tantamoimt to a 
declaration of his distrust of the powers of the human 
mind to arrive at a knowledge of first principles. 
Accordingly, notwithstanding the celebrity to which 
he attained, his acuteness in debate, the great pru- 
dence of his rules of conduct, his somewhat over- 
strained conservatism and literal obedience to the 
laws, and the dignity of his death, he founded no 
system of philosophy, and Socratism died with So- 
crates in the prison at Athens. A s for the encyclopedic 
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genius of Aristotle, it is only necessary to refer to 
the titles of his treatises. 

Plato, at great expense it is said, bought up the 
writings of the disciples of Pythagoras, and doubtless 
his works contain many Pythagorean doctrines. But 
these are all unquestionably mixed up with and mo- 
dified by his own views. At any rate (save in Strabo, 
who notices the geological changes of matter), we are 
not aware of any classical writer, always excepting 
Ovid's account of the Pythagorean doctrines, who 
even alludes to the Phasis of Matter. 

Then came the barbaric invasions, and an illiterate 
and unscientific barbarism. This was followed by a 
feudalism nearly as barbarous, and a gross and 
material chivalry. After these, we have the revival 
of learning. Innumerable facts were discovered 
regarding the composition of bodies, and the study of 
chemistry received a great impetus. We had again 
an age of scepticism and of encyclopedism, and the 
places of Socrates and of Aristotle were filled, not 
worthily, by Voltaire and D'Alembert. Happily then 
came the age of reaction. The decomposition of air 
and of water, and other important discoveries, led to 
the true theory of combustion and respiration, to the 
laws of chemical combination, to the atomic theory ; 
in fact, out of facts sprang principles, scepticism 
was replaced by faith, and the science of chemistry, 
with great leading doctrines, was established, and for 
ever. 

Amongst the many great men who have aided in 
the development of chemical science, it is, perhaps, 
invidious to make a selection ; but certainly our own 
Davy was not the least distinguished. It is not only 
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that we are compelled to admire the rapidity of his 
conceptions, the accuracy of his experiments, the 
clearness of his deductions, and his great discoveries, 
but Davy is likewise characterised by a unity in his 
general system of philosophising. Whether we re- 
gard him in his laboratory, or by the river side, or at 
the writing-desk, or preparing for his passage from 
this world, we perceive the same mind, possessed of a 
general system ; a system indeed imperfect and ob- 
scure, as in our present state such must necessarily 
be, but still not so much a number of isolated opinions 
as opinions upon different subjects, all having a rela- 
tion to some great generalisation. 

Owing to the labours of this and other great men, 
the progress of chemistry during this last half century 
has been amazing, and the beneficial effects that this 
science has had, and promises even more to have, 
upon human comfort are very great. One of the 
discoveries that stands prominent in this respect, was 
begun about the close of last century by Saussure. 
He ascertained that vegetables essentially contained 
a quantity of different kinds of mineral matter, which 
must, of course, have been obtained from the soil. 
This discovery of Saussure was not, however, attended 
to. About thirty years ago, Mr. Grisenthwaite an- 
nounced that vegetables essentially contained in 
their structures mineral matters, varying in kind and 
amount in the different species of plants. He, too, 
failed in exciting attention. Then Liebig perceived 
this truth ; and owing partly to his fame as a chemist, 
partly to the energy of his character, and partly 
owing to his happy knack of creating enthusiastic 
pupils and followers, it was at once received by the 
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scientific world, and the doctrine of the Phasis of 
Mattjsr, from earth to plant, from plant to animal, 
from animal to earth, and so on continually, is now 
an unquestioned one. 

Some, indeed, of the elements contained in the 
crust of the globe, do not form constituent parts of 
animal and vegetable structures; but they, too, as will 
be seen in the following pages, tend to change their 
relations and combinations with one another. 

Thus the word chemistry, as the science has pro- 
gressed, has gradually enlarged its meaning. At first 
it simply meant the little knowledge that was pos- 
sessed regarding gold, silver, &c. And when other 
metals were better known, the main aim of chemistry 
or alchemy was to attempt to transmute the inferior 
metals into gold, and to discover an imaginary powder 
of life. Even a few years ago, its province was con- 
fined to determining the elements and discovering 
the laws of combination and the compounds that they 
formed in the inorganic world. But since the pub- 
lication of Liebig's doctrines, chemistry likewise 
describes the combination that the elements form in 
living structures, and the various and rapidly suc- 
ceeding changes that take place in them. Indeed, 
the existence of what is now understood by chemistry, 
depends upon the ascertained fact that the bodies 
composing this world consist of a variety of elements 
which, by continually changing their combination, 
constitute all the substances cognisable to our senses, 
living or dead. Properly speaking, to this new 
science a new name should be given ; for the laws of 
combination that prevail amongst the elements in 
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the inorganic world (i. e, the laws of the old chemistry), 
cease the moment these same elements enter a living 
structure, and other ones take their place.. But if 
this distinction be carefully remembered, and always 
be clearly kept in view, no inconvenience arises from 
including under chemistry what more correctly be- 
longs to physiology. 

It is to a popular account of this enlarged science 
of chemistry that the following pages are dedicated. 
It is intended to describe in them all the important 
combinations that the elements of matter fall under, 
whether in the rock, the soil, the water, the air, or 
in the structures of plants and animals. And as far 
as the author's ability will permit him, he will en- 
deavour to make the whole a general system of philo- 
sophy with regard to matter and its changes. The 
last part of the book contains an account, necessarily 
brief and imperfect, of the most important of the ex- 
isting and probable applications of this enlarged che- 
mistry. 

Before actually beginning our task it may, how- 
ever, be useful and facilitate our future inquiries, if 
we consider the more general chemical properties of 
some compound body; water, for example. Water 
is one of the most common substances in nature. 
In popular language, indeed, it is called an element ; 
and for long it was regarded by the chemists and 
natural philosophers as such. It is now, however, 
as will be immediately mentioned, known to be a 
compound body. 

In the ordinary state in which it occurs in this 
country^ water is a fluid, that is to say, the different 
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Fig. 1. 



particles of any given quantity of it, as for example, a 
quart, adhere so lightly together that they can glide 
over one another. If, however, we place two globules 
or drops of water upon a card very near to one another, 
they tend very strongly to unite into one. In other 
words, the particles composing a liquid, although so 
loosely cohering as to glide over one another, have 
nevertheless a tendency to cohere together. 

If the temperature become colder than that which 
is commonly experienced in this country, ttis liquid 
water becomes solid ; that is to say, we cannot move 
one particle of a lump of ice 
without moving the whole lump. 
The force of cohesion is so 
strong in a solid, that the par- 
ticles of it cannot glide over 
one another. 

If we take some lumps or 
bits of this solid water or ice, 
and introduce them into the 
flask (a,jfig» 1.), and placing the 
flask in the table furnace *, put 
under it the lighted oil lamp 6, 
we observe that, as the heat is 
communicated from the lamp to 
the flask, the cohesion between 
the particles of the water begins 
to diminish, and in a little time the contents of the 
flask are fluid water again. If we go on applying 
heat thus, water soon attains a temperature of 212*'; 

* For experiments on a small scale, in which it is desired to 
applj heat, thu table lamp Aimace is convenient and dieap. 
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and when this is the case, the cohesion between 
the particles is destroyed altogether, and the fluid 
water becomes an invisible vapour, the particles 
of which have a repelling property to one another, 
and tend, did other circumstances not present an 
obstacle, to fly away from one another until they 
reached the extrjeme confines of space* 

These changes in the relation of the particles are 
not isolated facts, true only of this substance, water ; 
but all other bodies are subject to a similar law. 
As a wall is made of so many bricks, so every piece 
of matter cognisable to our senses is composed of a 
number of ultimate particles or atoms, so small that 
they cannot be farther subdivided. So very small 
indeed are these atoms, that our vision cannot dis* 
criminate them, nor detect the joinings of them to- 
gether. Their distance from one another in any 
substance varies according to the temperature around 
them. When the temperature is great, these atoms 
are farther apart from one another; and when it is 
little,. they are nearer. And in proportion to the 
distance of the atoms one from another is the power 
of cohesion, and this is the reason why the same 
substance,' water, is, at different temperatures, a solid, 
a fluid, and a gas. 

But, although all substances are subject to this 
law, yet the degree of temperature necessary to alter 
the cohesion of their atoms varies in different sub- 
stances. Iodine, for example, is solid until it is ex-' 
posed to a heat of 225^, and does not become a gas 
until the temperature rises to 347**. Indeed, we have 
not a sufficient range of temperature in this planet, at 
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least in those parts of it where man can arrive at^ 
to make every substance pass through all these three 
forms. Alcohol, for instance, becomes a gas at a 
temperature of 168**; below that, it is a fluid; but 
no cold that we can produce, can render alcohol solid. 
Gold, on the other hand, retains its solid form until 
the temperature becomes so very great at 2016% and 
never under any heat we can expose it to, becomes 
a gas. If the other planets, however, are composed 
of the same elements as ours is, the case will be 
different In the planet Herschel, so very far re- 
moved as it is from the sun, not only would alcohol 
be frozen, but probably the very air itself would 
be solid; and in the planet Mercury quicksilver 
would be a gas, and iron and gold would form mol- 
ten seas. 

Another instructive experiment that may be made 
with water is as follows : — The glass a, jig, 2. is 
filled with water ; the two test tubes, h and c, are also 
filled with water and inverted in the glass. The two 
wires, d and ^, come from a galvanic battery and enter 
the two tubes. By and by small bubbles of gas 
will be seen to form in the tubes, and to occupy the 
upper portions of them. When a sufficient quantity 
of gas has been formed, the wires may be withdrawn 
and the properties of the gas in each tube examined. 
It will be found that one of the tubes (this depends 
upon which wire has been in it) contains twice as 
much gas as the other. If we take the tube marked 
5, containing the lesser quantity, and put into it a 
glowing shaving, the shaving immediately bursts out 
into a bright flame, and the gas is in fact oxygen. 
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If a similarlj glowing shaving be put into the gas 
of the other tube, it is at once put out. The gas 
contained in it may easily be proved to be hydrogen. 

Fig, 2. 




This experiment proves that water is not a simple 
element but a compound formed by the union of 
oxygen and hydrogen. But let the chemist do what 
he will, he cannot separate either oxygen or hydro- 
gen into two, and he consequently regards them as 
elementary substances. When he examines all the 
bodies found in and around the surface of this earth, 
he finds that they may all be resolved into some 
sixty elementary bodies, the various combinations of 
which form the animals, vegetables, and minerals of 
the earth ; just as the twenty-six letters of the alpha- 
bet, by different combinations, form the almost count- 
less number of spoken and written words. 

We may carry on this last simile farther. If we 
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investigate a common /oz^n^, such as is used by a com- 
positor in a printing-office, we find that it is furnished 
with a great many examples of some letters and with 
very few of others. There will be found for example 
12,000 es and only 200 zs, 9,000 ts and only 400 
js, &c. The reason of this is that the es and ts form 
agreat*many more combinations than the zs and js. 
This is just the case with the elementary bodies in 
nature, and some of them form many more combina- 
tions, and exist in larger quantity than the others. 
By far the most abundant and' important are the 
following: — 



Oxygen 


Chlorine 


Iron 


Hydrogen 


Silicon 


Lead 


Nitrogen 


Fotasiiupi 


Tin 


Carbon 


Sodium 


Gold 


Sulphur 


Calcium 


SilTcr 




Aluminum 


Platinum 



We have then learned four important facts : — 

First, That the material objects of this world, are 
composed of different combinations of a few ele- 
mentary bodies. 

Secondly, That each mass of matter is formed of a 
congeries of atoms, very minute indeed, and not far- 
ther divisible. 

Thirdly, That the condition of a substance, as to its 
being solid, liquid, or gaseous, depends upon the rela- 
tive cohesion of these atoms in it. 

Fourthly, That this cohesion can be altered and 
affected by heat. 

It is, as has been so well expressed by Sir Robert 
Kane, owing to the fact that the bodies that constitute 
the external world are composed of a variety of ele- 
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mentSj united according to certain laws, that the sci- 
ence of chemistry has an existence. Had the globe 
been composed of iron solel j, man indeed coold not 
have had a being, bnt incorporeal spirits might have 
dwelt upon it, and snch might have studied its motion 
through space, and deduced the laws of astronomy, or 
they might have investigated the laws of statics and 
dynamics, and become natural philosophers ; but they 
never could have been chemists, nor could any idea 
of chemistry have been formed in their minds. 

The object, then, of chemistry is, first, to ascertain 
which are the elements composing the structure of 
the earth, and the objects on and around it ; secondly, 
to determine what are the forces that cause them to 
combine, and what the laws are that rule over their 
unions and separations ; and, lastly, to describe the 
various properties and peculiarities of the compotmds 
thus formed. 

One of the modes which a chemist takes to ascer- 
tain the nature of a compound body, is to analyse it, 
that is, to separate it into its constituent elements. 
This, as we shall frequently in the following pages 
have occasion to notice, he contrives to effect by heat, 
by mixture, or by electricity. In the analysis of 
water mentioned above, the last of these means is 
adopted. Chemistry has now attained such a pitch 
of perfection, that the hand of man can get hold of 
nothing that the chemist cannot resolve into its ele- 
ments, and state also the proportions in which these 
elements exist in it This applies to all the minerals 
that form the rocks underneath our feet, to the soils 
that lie over these, to the various textures of animals 
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and plants^ to the atmosphere surrounding us^ and to 
-every substance produced by the arts. 

In many cases the chemist can do even moi*e than 
this. He can not only determine what elements a 
compound consists of, but he can take these elements 
and from them construct this compound. This is 
called synthesis. There is, for example, a common 
mineral called galena, of which more than 80,000 
tons are taken annually from British mines. This 
the chemist, by the art of analysis, pronounced to be 
composed of the two elements, sulphur and lead. He 
can also synthetically make this substance, either by 
mixing sulphur and lead together and fusing them, or 
by decomposing a solution of a salt of lead by sulphu- 
retted hydrogen, in a manner to be afterwards de- 
scribed. Or if we take two measures of hydrogen 
gas and one of oxygen, mix them in a tube, and 
transmit an electric spark through them, these two 
elements immediately unite and form th« compound, 
water. 

But while the chemist can artificially decompose 
all compound bodies, and resolve them into their 
elements, he can only synthetically compose one 
(although a very large) class of compounds. As in 
studying chemistry it is necessary to have this con- 
stantly in view, it is proper, at the very commence- 
ment of our inquiries, to acquire clear ideas upon this 
head. 

We have seen that the atoms that compose a piece 
of any substance, adhere together by virtue of a power 
which we term cohesion, or mechanical attraction. 
This cohesion unites together similar particles of 
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matter. There is^ for instance^ the substance so fa- 
miliar to every one, marble. So great is the power 
of cohesion between the atoms of marble, that it is 
with difficulty we can break a bit of it to pieces. 
Besides this attraction of cohesion, there is another 
attraction that unites together dissimilar atoms or par- 
ticles of matter. This is called chemical attraction, 
or chemical affinity. Each atom of the marble, for 
instance, is made up of lime and carbonic acid, and 
these two substances combine together, and remain 
united together in obedience to this power of chemi- 
cal affinity. 

Now, as long as matter is in the rocks or soil, it 
forms, in obedience to this power, compounds that 
chemists can analytically separate into their consti- 
tuent parts, and which they can synthetically con- 
struct by uniting their elements. But, as we have 
already seen, matter passes £rom these states (/. e. 
from the inorganic world) into animals and plants. 
When it does £0 the elements no longer enter into the 
same combinations that they previously did, but into 
other and different ones. Matter in living bodies no 
longer obeys the laws of chemical affinity, but of vital 
affinity, the peculiarities of which will likewise fall 
under our notice in the subsequent pages. The com- 
pounds formed under the influence of vital affinity 
can be analysed, but they cannot be synthetically 
constructed in the laboratory. 

For example, hydrogen and oxygen can be mixed 
so as to form water; carbon and oxygen, so as to form 
carbonic acid; sulphur and oxygen, so as to form sul- 
phuric acid; sulphuric acid and magnesia, so as to 
c 2 
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form Epsom salts ; and so on in an endless variety. 
The starch of plants is composed of carbon, oxygen, 
and hydrogen ; and so is the fat of animals, and there 
is no great difficulty experienced in separating either 
starch or fat into these elements. But no art, by 
mixing these elements, can construct fat or starch. 
They can only have their origin in a living structure, 
in which the power of vital affinity is predominant. 
This peculiarity is even extended to certain purely 
artificial substances, obtained from undecomposed liv- 
ing structures; as, for example, alcohol. 

It is owing to this fact that chemistry is separated 
into two important divisions; inorganic chemistry, 
and organic chemistry. The latter teaches the nature 
and properties of those substances that are formed in 
animals and plants, with that of the compounds arti- 
ficially formed from them where there has been no 
decomposition ; while the former investigates those 
substances which have either never formed part of an 
animal or plant, or if they have, have passed through 
the ordeal of putrefaction. 
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CHAPTER L 

HEAT AKD ITS CHEMICAL RELATIONS* 

P&OPEBLT speakings the laws of heat belong to the 
proyince of natural philosophy ; but this substance or 
property exercises so powerfdl an inflnence over 
chemical phenomena, that a knowledge of its more 
important laws is absolntely necessary to the chemical 
student This book, therefore, commences with an 
outlined account of them* 

Heat, or caloric, signifies, in ordinary speech, the 
sensation felt on touching a hot substance ; but, in 
scientific language, the expressions mean the cause of 
that sensation. It is generally believed to be a subtle 
fluid, the particles of which repel one another, but 
are attracted by other substances. Every material 
object contains more or less of it, and no substance 
has ever yet been found altogether deprived of it, for 
if any, however cold they may be, are placed in an 
atmosphere still colder, the thermometer indicates the 
escape of heat from them. 

Heat passes from one body to another with great 

readiness, and indeed all the bodies in the world have 

a tendency to acquire an equality of temperature, 

owing to the heat of a warmer body passing on to a 

c 4 
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colder. Thus^ for instance^ all the articles in a room 
very soon become of the same temperature, and if we 
put into it a heated iron or a jug of hot water, the 
iron and the water very speedily become no warmer 
than the furniture, &c., previously in it. It is to 
this ready transference of heat from a warm to a 
colder substance that our sensations of heat and cold 
are owing. When our hand, for example, touches 
some substance that is colder than the hand, heat 
passes from the hand to the cold substance and we 
experience the sensation of cold. Conversely, if we 
touch a body hotter than our fingers, heat passes 
from it to them, and the sensation of warmth is felt. 

Heat communicated in this last-mentioned manner 
is said to be communicated by contact. But in order 
to receive warmth from a hot body, it is not necessary 
to absolutely touch it. When we sit at some distance 
from the fire, we feel the heat passing from the burn- 
ing fuel to us. Heat communicated in this manner 
is said to be by radiation^ because the heat is supposed 
to pass from the hot body through an appreciable 
space in radii or rays. The modes of communica- 
tion of heat from one substance to another, both by 
contact and radiation, require a little comment. In 
considering them, it is first necessary to regard the 
manner in which a hot body cools, and also the 
manner in which a cold body warms. 

Supposing that two iron balls, equal in size, were 
suspended from the roof at a little distance from one 
another, the one cold the other red hot, it would be 
found in a very short time that they acquired an 
equal amount of temperature. The heat from the 
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surface of the red-hot ball first passes off by radiation, 
and then the heat in the interior passes from particle 
to particle, until it reaches the surface, when it, too, 
is radiated. The surface of the cold ball first obtains 
heat, and then passes it from particle to particle to the 
interior. This passage of heat from particle to particle 
of the same substance, is called the conduction of heat 

It is found that heat passes through different sub- 
stances with very different degrees of rapidity. If, 
for example, we put one end of a stick into a fire, we 
can touch the other end with impunity, even until 
the whole is nearly burnt away. But if we place 
one end of a bar of iron in the fire, the other end 
soon, owing to the heat passing along its particles, 
becomes so hot, that we cannot bear to touch it. 
Substances like the latter are called good, and those 
like the former bad, conductors of heat 

Of all substances the metals are the best con- 
ductors of heat, and of metals in this respect the best 
is gold* The worst conductors of heat among the 
solids are light porous ones, such as furs, flannels, 
feathers, and the like. The object of clothing is to 
prevent the escape of the heat generated by the body, 
and accordingly some of these bad conductors are 
always in cold countries, particularly in winter, fixed 
upon for this purpose. Count Rumford made a very 
ingenious experiment relative to the conducting 
powers of the materials commonly employed as rai- 
ment He embedded a thermometer in several of 
these, and ascertained how long each different sub- 
stance took to cool through a hundred and thirty-five 
degrees. He obtained the following result : — 
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Air 
Ltnt 

Cotton-wodl 
Sheep, ditto 



in 676" 
in 1032" 
in 1046" 
in 1118" 



Raw eilk 
Beaver's fur 
Eider down 
Hare'f fur 



- in 1284" 

- in 1296" 

- in 1305" 
. in 1315" 



In the same maimer all the substances round about 
a fire-place ought to be bad conductors; and the 
reason that massive iron grates give out so little heat 
into a room^ as compared with Einnaird ones, is that 
the metal conducts the heat rapidly, and the clay of 
the Kinnaird slowly. In fact, the conducting power 
of iron as compared with that of clay is as 370 to 11. 

Correctly speaking, fluids scarcely conduct heat at 
all. If, for example, we invert an air thermometer 
in a jar of water, with the bulb near the surface, as 
seen in Jig. 3. and place a cup containing ether set on 
fire upon the surface, the combustion may go on for 
a very long time before any eflfect is produced upon 
the thermometer. And even then the heat is probably 
rather conducted by the glass than 
the water. It is, however, now ascer- 
tained that fluids do conduct heat, 
although in a very slight degree. 

Nevertheless, it is a very familiar 
fact, that if we apply heat to the 
bottom of a glass containing liquids, 
the whole mass becomes uniformly 
hot, and that too very rapidly. 
This is not, however, owing to the 
conduction of heat from particle to 
particle ; but owing to each particle 
when heated being set in motion or to convection, as 
it is sometimes called. When any particle of a fluid 
is heated, it expands and becomes lighter than those 
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lying above it, wliich have not received any increase 
of temperature. It therefore ascends, and a cold and 
therefore heavier one takes its place at the bottom, 
and it in its tnrn becomes heated. The particles also 
that are ascending part with a portion of their heat 
to those they actually come in contact with. 

The rise of the heated particles of a liquid, and the 
descent of the cold ones, is illustrated by /^. 4. In 
it A B is a siphon filled with •%• 4. 

coloured water, and c D an- 
other siphon filled with 
colourless water. If heat 
be applied at A, the coloured 
particles will be seen to as- 
cend, and the colourless 
ones to descend, and thus 
circulation will continue as 
long as the heat is applied. 

As for aeriform or gas- 
eous fluids, they conduct 
heat even worse than liquids, 
and the smaller conducting i 
power of bones, skin, furs, &c., mentioned in the 
table printed a little above, is probably mainly to be 
ascribed to the great quantity of non-conducting air 
contained in their porous structures. If, however, 
heat be applied to aeriform bodies from below, they 
soon acquire an uniform temperature, exactly in the 
same manner as fluids do. We have a very familiar 
instance of this in what takes place in a common fire- 
place. What we ca^ smoke is a current of heated 
and ascending air, coloured or rather darkened by 
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soot, and we can often, and in a furnace we can 
always, hear the roar produced by the stream of cold 
air rushing in to supply its place. If the fire be very- 
extensive, this rush of air is excessive, and in the 
memorable burning of Moscow, the currents, or rather 
hurricanes, thus created by the immense burning 
mass were so violent, that men and horses passing 
through the streets could with great difficulty keep 
then: footing. 

The two principal conditions that affect the com- 
munication of caloric by contact, from one substance 
to another, are the degree of nearness that the two 
substances approach to one another and their con- 
ducting powers. 

With regard to the former of these the rule is, that 
the more perfect the approximation, the more rapidly 
is the heat transmitted. Two solids, for example, 
cannot approach their surfaces so closely to one 
another as a solid and a liquid, or a liquid and a gas, 
and this latter still less than a gas and a gas. Hence 
heat is more rapidly communicated by contact 
between gases than between liquids, and more rapidly 
between liquids than between solids. 

Respecting the last, we find that when two solids 
of different temperatures are placed together, the 
heat from the holster passes into the colder exactly in 
accordance with thVr conducting powers. Thus, if 
a cubic foot of iron, having a temperature of 300**, 
and a cubic foot of marble of the same temperature 
were severally plunged into a gallon of water, the 
iron would cool much faster than the marble, and 
the water where the iron was would heat much faster 
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than that in which the marble was^ and the reason 
would be that the conducting power of iron is so 
much greater than that of marble. The same prin- 
ciple explains the different sensations of heat that we 
experience when we put our hands upon different 
bodies that have the same temperature, but different 
conducting powers. If, for example, we place one 
hand upon a piece of iron and another upon a piece 
of marble, each having a temperature of 55^^^ the 
iron feels much colder than the marble, for this 
reason, that the iron more rapidly conveys away heat 
from our fingers. In like manner, if the iron and 
the marble had a temperature of 150**, the iron would 
feel much the hotter of the two, because the heat 
would be conducted much more rapidly from its in- 
terior to the surface next our skin. 

The laws that regulate the radiation of heat are, to 
the general student, the most interesting and impor- 
tant of any of the calorific ones; but they do not 
very particularly concern the chemist, and therefore 
need not detain us very long. When a hot body is 
suspended in the air, a part of its heat is conducted 
away by the air, another part is communicated by 
the particles of air around it, and which ascend on 
being heated ; but the greater part of it is unques- 
tionably radiated. For example, if we suspend a 
red-hot ball in a vacuum, it loses heat nearly as fast 
as when suspended in air, although, of course, in a 
vacuum there can neither be conduction nor con- 
vection. 

It is a remarkable but well ascertained fact, that 
the radiation of hot bodies is very much affected by 
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the condition of their surfaces. Thus a bright 
smooth polished plate of metal scarcely radiates 
heat at all ; whereas if this same surface be made 
rough, or blackened with soot or the like, it radiates 
heat well. In like manner a black surface radiates 
more heat than the same substance having a red 
surface, and a red surface more than a white one. 
The former of these statements shows the impro- 
priety of having polished metallic surfaces about 
fireplaces. On the other hand, if we wish to keep 
anything hot for a long time, as water, for example, 
we ought to place it in brightly polished utensils that 
radiate badly. 

When heat radiates from one substance upon 
another, three things may happen to it ; it may be 
reflected, or it may be transmitted, or it may be 
absorbed. If, fpr instance, we place a polished piece 
of tin sideways before a hot fire, and then hold our 
hand sideways, but farther from the fire than the 
tin, we feel the reflected heat impinge upon it Then 
xnost transparent bodies, L e., bodies that transmit 
light, also allow of the passage of so much heat 
through them ; but by far the greatest quantity of 
heat that is radiated from a hot body, is aborbed by 
other colder bodies ; and it is found that the power 
of absorbing heat is aflected very much by the con- 
dition of the surface of a substance, and that the 
conditions of the surface that favour absorption, 
oppose radiation, and vice versa. Thus, for example, 
a bright metallic surface scarcely absorbs at all, while 
a rough and blackened one does so very readily. 

It might appear from the foregoing remarks that 
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one set of bodies are always simply radiating heat 
and doing nothing more^ and that another set of 
bodies are always absorbing heat^ and doing nothing 
more, as far as heat is concerned. But it is now 
generally believed that every substance is always 
both radiating and absorbing heat, irrespective of 
the difference between their relative temperatures. 
If we adopt this view, we say that the temperature 
of any substance falls when it radiates more heat 
than it absorbs, that its temperature remains sta- 
tionary when the quantity radiated and the quantity 
absorbed are equals and that it becomes hotter when 
it absorbs more than it radiates. 

It is only in accordance with this view that we 
can explain several interesting natural phenomena. 
I We may take as an example of these, the formation 

I of dew and of hoar-frost. Dew falls only when the 

weather is clear and serene, and it is deposited upon 
substances that are colder than the air surrounding 
them. In fact, dew is the water or moisture that 
did during the day exist in the atmosphere as va- 
I pour ; but which has become again fluid, owing to its 

j having had its temperature lowered by contact with 

colder bodies. If, after the dew has been deposited, 
the temperature fall to or below 32*', it is solidified 
and frozen, and constitutes hoar-frost. The cause 
of this transformation of liquid dew into solid hoar- 
frost is plain enough, and in considering that of the 
transformation of the atmospherical watery vapour 
\ of the day into the liquid dew of the night, the diffi- 

culty lies in discovering the cause of the reduction 
I of the temperature. Now, on a clear starlight night, 
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the ground radiates its heat very freely ; and on such 
an occasion, the rays of heat issuing from the earth 
are cast off into space ; no rays are in return radiated 
from clouds, and, of course, the temperature of the 
earth's surface falls. If, however, the night be thick 
and cloudy, the clouds radiate so much of their heat 
to the earth, and so maintain its temperature. The 
annexed diagram {fig. 5.) will perhaps make this 
clearer. 



Fig» 5. 



Night. 



Day. 




I>ew. 



No dew or froft. 



When temp. 32° 
Frost. 

Cloudy or 
In clear and serene nights. windy nights. Sun shining. 

Then, if we examine the substances upon which 
dew is deposited, we always find it in the greatest 
quantities upon good radiators. Thus, on a clear 
night, grass and leaves can sometimes reduce their 
temperature by twelve degrees, and these substances 
are found covered with dew, while bright stones or 
polished bits of metal, although placed close by 
them, will be found almost unmoistened. 

In the same manner, by increasing the radiating 
power of water by throwing some loose straw upon 
its surface, we can often obtain a layer of ice, 
although the general temperature of the surrounding 
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air does not fall to 32°^ the freezing-point. If^ how- 
ever, in such a case, we prevent the radiation by 
interposing a screen, no ice is formed. It is in this 
last-mentioned manner that a gardener goes to work 
when he protects his plants from the bad effects of 
frost by screening them with mattii^ placed around 
them. In the same way is to be explained the fact 
that snow lying over recently sown wheat promotes 
its vegetation. (We shall hereafter have occasion to 
see that a certain amount of heat is necessary for 
germination, and the snow that lies upon the ground, 
by preventing radiation, promotes the accumulation 
of it.) 

Before leaving this subject of the radiation of heat, 
the reason of snow lying permanently upon the tops 
of high mountains may be noticed: one cause, at 
any rate, that the rays of the sun do not melt the 
snow at these high mountain elevations, undoubtedly 
is, that the shining and white snow does not absorb 
the rays of heat. 

The above observations, in a work dealing only 
with chemistry, may suffice for the laws that regu- 
late the propagation of heat. Some of the effects of 
this substance (or property) now demand our attention. 
One of the most remarkable of these is its power of 
removing the atoms of the substances to which it is 
applied to a greater distance from one another, or of 
expanding their bulks. 

That heat expands solid substances is a familiar 
fact, and may be easily demonstrated. If, for ex- 
ample, we adapt a ring to an iron rod, so that the 
ring will just admit the rod, and no more, when cold, 
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we find, if we heat the rod, it will no longer pass 
through the ring: it (the rod) having become enlarged 
or expanded. On the other hand, if we heat the ring, 
it will allow a thicker rod to pass through it : it now 
having become enlarged or expanded. It is upon this 
principle that a wheelwright heats to a red heat the 
iron rim of wheels, and applies them in that state 
to the wood-work, in order that, as they cool, they 
may contract (reassume their former size), and firmly 
bind the wood-work together. The reason that clocks 
go slower in summer than in winter is that the 
pendulums are expanded, and therefore lengthened 
by the summer heat, and consequently vibrate slower. 
So, also, a nail driven into the wall of an apartment 
in time becomes loose, for as the weather or atmo- 
sphere of the room is hot or cold it expands or con- 
tracts, and by doing so gradually enlarges the space 
that it is in. When, again, we pour hot water into 
a thick tumbler, the inside next the water sometimes 
expands so much more rapidly than the outside, that 
the glass is shivered to pieces. In order to avoid 
this happening in the laboratory (where the chemist 
is obliged to be continually applying heat), retorts and 
other glass vessels intended to be exposed to flame 
are made very thin. 

Different solids have different degrees of expansion 
from an equal addition of heat. Zinc, perhaps, is the 
most expansible of all solid bodies. It is scarcely 
necessary to remark, that when a substance expanded 
by heat parts with that heat it gradually returns to 
its original size. 

The expansion of liquids by heat is very plainly 
illustrated by what takes place in a common ther- 
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mometer. The moment the heat is applied to the 
mercurj we behold plainly enough the expansion 
taking place. Just as is the case with solids, different 
liquids have very different degrees of expansion from 
equal additions of heat. Thus alcohol expands more 
than water^ and water again more than mercury. 

There is, however, a most remarkable exception 
to this law of the expansion on the application of heat 
in the case of water. Ice, as every one knows, 
swims upon water, and of course is lighter. It fol- 
lows of necessity that water in the act of freezing, 
i. e. of parting with heat, expands. This expansion of 
water may be easily ex- 
perimentally demonstrated. 
In fig, 6. a is a flask, 
through the cork of which 
a thermometer is inserted, 
and also a glass tube, b, c. 
If the flask is filled with 
water to the top, and 
placed in ice, as the water 
xjools (say from 65% the 
common temperature of 
our rooms), it follows the 
ordinary law and contracts. 
It sinks in the tube, and 
this sinking is indicated in 
the right-hand scale from 
to 1, and from that down- 
wards to 4, by which time 

the thermometer will have fallen to 40% Then the 
water begins to expand, as is shewn by the rising 

D 2 
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of it in the tube^ and indicated m the left-hand 
scale from 4 to 8, and goes on expanding until it 
reaches 32**, the freezing point If this frozen water 
be now thawed the experiment will be reversed, and 
the ice, warming into water, will contract, that is to 
say, heat does not expand ice, but, on the contrary, 
contracts it 

k The cause of this is supposed to be that water, upon 

^ assuming the solid form, adopts a new and peculiar 

I arrangement amongst its particles. Whatever may 

I be its cause, it is one of the most striking instances 

of design that can be witnessed in nature, and were 
L it not for it, the globe would scarcely be habitable by 

man. The freezing of water in winter is of course 
owing to the coldness of the atmosphere lying above 
I the surface of the water. Therefore, the water at 

I the surface, as it cools, sinks to the bottom ; that 

> which was at the bottom rises to the top ; and this 

circulation goes on until the whole bulk of water 
I acquires a temperature of 40^. Then begins this ex- 

t ception to the law of expansion on heating, or con- 

[ traction, on cooling ; and the ice that is formed swims 

t at the top. This ice acts as a covering to the water, 

|; and even in very severe frosts it is comparatively 

k thin, and the water underneath is found to have a 

I- temperature of 40°. Did water obey the usual law 

I in this respect, the ice would fall to the bottom as 

I fast as formed, and the whole mass of water would 

f' become solid. 

I' Gaseous bodies, also, expand upon being heated. 

1^ If, for example, we partially fill a bladder with air, or 

I: any other gaseous matter, fasten the orifice, and hold 

i" 
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Fig, 7. 



it before the fire, we behold the expansion. Or if we 
fill the bladder quite full, and then put it in a hot 
place, the expansion of the air will burst the bladder. 
Unlike solids and liquids, gases undergo an equal 
expansion by the same addition of heat ; and it has 
been ascertained that they all expand :f ^^th of their 
volume for each degree of Fahrenheit. 

It is often extremely desirable to be able to mea- 
sure the degree of the intensity of heat. This is 
by means of two instruments — the thermometer and 
the pyrometer. 

The inventor of the thermometer was probably 
Santorio, a Faduan physician, who constructed his 
therraiscope (as he called it) in the seventeenth cen- 
tury. Fig. 7. represents one of 
these primitive instruments. It 
consists of a glass tube, with a ball 
at one end. The extremity of the 
tube opposite the ball is open. 
The air within Is rarefied by heat- 
ing the tube, and the free end is 
then plunged into some coloured 
fluid. As the rarefied air con- 
tracts, the pressure of the atmos- 
phere forces so much of the coloured 
fluid up the tube ; and when .this 
has happened the instrument is 
complete. If the temperature of the atmosphere in- 
crease, the air in the ball expands, and forces the 
coloured fluid down; and if the reverse be the case, 
the air in the ball contracts, and the pressure of the 
atmosphere then forces the coloured fluid higher up* 

p 3 




38 PHASIS or MATTER. Book I. 

The objections to this thermometer are, that its 
dilatations and contractions are so great, that it is not 
convenient to measure them, and that the move- 
ments being influenced by pressure as well as heat, 
give different indications of the same temperature 
according to the state for the time being of the 
barometer. 

Towards the middle of the seventeenth century, 
the members of the Academia del Cimento had the 
spirit thermometer constructed for their use. Alcohol 
(coloured) was introduced into a glass tube terminat- 
ing at the bottom in a ball, from which the air had 
been expelled by means of heat. The open extre- 
mity of the tube was then hermetically sealed, and a 
scale affixed. As alcohol never freezes, spirit ther- 
mometers are very useful for measuring very low 
temperatures, and are still employed for that pur- 
pose ; but as spirit boils at an extremely low tem- 
perature, the range of temperature that a spirit 
thermometer can indicate is very small. 

It was this that led Sir Isaac Newton to substitute 
oil for alcohol. As linseed oil can bear extreme 
temperatures without either boiling or freezing, this 
substance would do very well for thermometers, were 
it not that it adheres so much to the inside of the 
tube as to be practically useless for this purpose. 

Accordingly, the substance now employed for 
filling thermometers, intended for general purposes,, 
is mercury or quicksilver, a body especially qualified 
for this use. No fluid can sustain a greater heat 
without boiling, and none save alcohol and ether can 
endure a greater cold without freezing. It possesses 
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another remarkable advantage over other fluids and 
solids, for mercury expands in an increasing ratio, that 
is to say, the same amount of heat occasions a greater 
dilatation at a high temperature, than at a low one. 
But it is found, at any rate, at moderate tempera- 
tures, that the ratio of increase of mercury is exactly 
the same as that of glass, so that in a common mer- 
curial thermometer, although the mercury expands 
more at a high temperature, than from the same ad- 
dition of heat at a low one, yet the bore of the tube 
in the same degree increases its dimensions and so 
the surface of the mercury does not rise too high. 

In order that observations made with different 
thermometers may be compared together, it is neces- 
sary that we have a scale attached to them. For 
attaining this end the first thing to do is to select 
two uniform fixed points, and this fortunately is 
easily managed. When the barometer stands at 30, 
water boils at an uniform temperature. So also 
does it congeal at another uniform one. The boiling 
and the freezing of water thus afford two fixed points 
always easy to be ascertained. The interval between 
these two points must next be divided into equal 
parts. It does not matter how many parts we make, 
80 that every one is willing to adhere to them. Un- 
fortunately, however, this is not the case, and at least 
three different scales are in use, and their discrepancy 
sometimes gives a good deal of trouble. These are 
(see jig, 8.) those of Fahrenheit, of Reaumur, and 
the Centigrade. 

The first is the one generally employed in this 
country. Fahrenheit makes 212*'the boilbg point, 

I>4 
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and, strangely enough^ he makes 32*^ above zero the 
freezing point. There is a tradition that he put 0** 




Cent. 



where it is from having observed the mercury stand 
there during a most intense frost in Iceland. Both 
the Centigrade and Reaumur's thermometer make 0** 
the freezing point; but the Centigrade divides the 
interval between this into a hundred, and Reaumur's 
into eighty parts. The Centigrade is the one usually 
employed on the continent for scientific purposes, 
but it is well to know that maii^ French writers upon 
the arts refer to Reaumur's scale. All thermometers 
count downwards from the zero, as well as upwards ; 
and in order to distinguish the degrees below zero from 
those above it, the sign — is prefixeji. When we 
wish to particularly indicate that we refer to the de- 
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grees above zero, we write + before the number. 
But, in general, when no prefix is put, it is under- 
stood that degrees above zero are meant 

In order to reduce the degrees of one scale to an- 
other, it is only necessary to remember that 9** of 
Fahrenheit are equal to 5** of the Centigrade and to 4** 
of Reaumur. The following table shows the degrees 
of the Centigrade and Reaumur corresponding to 
4hose of Fahrenheit, and may perhaps be useful for 
reference. 



F«h. 


Cent. 


lUaiim. 


Pah. 


Cent. 


Reanni. 


313 


100 


80 


77 


25 


30 


203 


95 


76 


68 


20 


16 


194 


90 


72 


59 


15 


12 


IS5 


85 


68 


50 


10 


8 


176 


80 


64 


41 


5 


4 


167 


75 


60 


32 








158 


70 


56 








149 


65 


53 


si 


-"5 


-"4 


140 


60 


48 


14 


-10 


- 8 


131 


65 


44 


5 


-15 


-12 


123 


50 


40 


" 4 


-30 


-16 


113 


45 


36 


-13 


-25 


-20 


104 


40 


32 


-22 


-30 


-24 


95 


35 


28 


-31 


-35 


-28 


A» 


30 


24 


-40 


-40 


-32 



Mercury does not boil until it is heated up to 660***, 
but so much vapour is given off some degrees below 
this, that a mercurial thermometer cannot indicate 
a temperature higher than 630^ If we wish to 
measure higher degrees of heat than that, we must 
employ a pyrometer. Many kinds of pyrometers 
have been invented, but the only one that gives 
accurate results is that of Daniel. 

Daniel's pyrometer consists of two parts — the 

* When not otherwise stated, the degrees of temperature 
referred to in this work are those of Fahrenheit's scale* 
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register a, and the scale b (Jig, 9.) ; A is a black- 
lead case, G an iron rod somewhat shorter, and D an 
earthenware plag that fits in the case at the end of 

Fig, 9. 




the iron rod. The iron rod is put into the blacklead 
case, and the plug is made to abut against it, its other 
end being against the end of the hand of the index. 
The instrument is then ready to be submitted to any 
temperature. The blacklead case scarcely expands 
at all, but the iron rod is a good deal expanded by 
heat, consequently the greater the temperature is to 
which the pyrometer is applied, the more does the 
rod expand; and the more the rod expands, the further 
does it push the earthenware plug. The manner in 
which this is recorded on the index is evident from 
an examination of the illustration. 

The following table (taken from Sir Robert Kane) 
Exhibits the temperature on the scale of Fahrenheit, 
at which some of the most remarkable effects of heat 
are produced : 

- 13fiP. The greatest cold erer known | - 1210. The compound formed'by al- 
bj man. I cohol and carbonic acid meltt. 
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- 910. The freatett cold produced by 

a common fireexing mixtare. 

- S9P. Temperature of planetary 

space. 
*- 600. The greatest cold obserred in 
the arctic regions 

- 470. Sulphuric ether freesea. 

- 460. Nitric ether freesea. 

- 390. Mercury Areeses. 

+ 10. Sulphuric acid freeset. 
140. OU of turpentine Areexes. 
200. Wine fireexes. 
250. Blood freeses (i. e. blood out 

of the body). 
330. Water freezes or ice melts. 
360. OliTeoilfreeiet. 



960. Heat of blood in the human 
body. 

IO6O. Phosphorus melto. 

1740. Alcohol boils (or becomea 
gaseous). 

2010. Rose's soluble alloy melu. 

8120. Water bolls. 

2I8O. Sulphur bolls. 

662P. Mercury boils. 

8IOO. Antimony boils. 
11410. Heat of a common firew 
18690. Brass melts. 
1873P. surer melta. 
19960. Copper melu. 
22000. Gold melu. 
27860. Cast iron malU. 



The indications of the temperature given to us bj 
the thermometer and pyrometer are, both in science 
and in the arts, of very great importance. Still the 
amount of information that these valuable instruments 
afford is v^ry small indeed. They tell us with great 
exactness the difference of temperature between two 
bodies, but they give us no indication whatever of 
the absolute amount of heat that any substance with 
which they are brought into contact contains. It is 
clear, for instance, that two thermometers may stand 
at the same degree in the scale when j)laced in two 
different bodies, and yet one of these bodies may 
contain a hundred thousand times more heat than 
the other. 

For example : if we fill a brewers vat that contains 
a hundred thousand gallons with boiling water, and 
then fill a stone gallon bottle also with boiling water, 
and place a thermometer in each, both thermometers 
will indicate a temperature of 212**. And yet the 
Tat unquestionably contains a himdred thousand 
times as much heat as the jar. 

But this is not all : if we take a pound of water. 
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having a temperature of 100**, and mix It with a 
pound of water having a temperature of 50®, and then 
introduce a thermometer into the mixture, we find 
that it has a temperature of 75** ; that is to say, the 
25° lost by the hotter water have been gained by the 
cooler. We infer from this that a pound (or an 
equal measure) of water of any given temperature 
contains as much heat as another pound (or equal 
measure) at the same temperature* And this law 
we find holds good of other bodies ; and equal weights 
of the same substance at equal temperatures contain 
the same quantity of heat. But if we mix different 
substances together, we find a very diflFerent state of 
matters. 

Thus, if we mix a pound of mercury having a 
temperature of 160% with a pound of water at 40% 
the thermometer in the mixture does not stand at 
100% but only at 45°. But if the mercury be at 40% 
and the water at 160% we immediately find that the 
mixture has a temperature of 155% In a similar 
manner, if a pjDund of water at lOO*' be mixed with a 
pound of spermaceti oil at 40% the mixture will attain 
a temperature of 80** ; but if the pound of water be 
at 40% and that of the oil at 100% the temperature 
of the mixture will only be 60% 

In order to witness similar examples, it is by no 
means necessary that the substances experimented 
upon should both be fluid. Thus, if we take a pound 
of copper bar, and heat it in an oil-bath up to 300% 
and then immerse it in a pound of water, having 
a temperature of 50% both copper and water wiU 
attain a temperature of only 72% In other words 
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•while the water has only glGuned 22% thQ copper has 
lost 228^ 

Endless examples of a similar nature might be 
brought forward to illustrate similar peculiarities. 
Such were first observed by Black, who deduced 
from them the law that equal quantities of different 
substances require unequal quantities of heat to raise 
them to the same temperature, or to make them 
equally hot. At first Black thought that the heat 
contained in any substance was contained within 
its pores, or the spaces between its constituent 
particles, and he said that the capacity for heat varied 
in different substances. And, what for some time 
confirmed him in this view was, that in general the 
denser a substance was, i. e. the less space there was 
between its particles, the less was its capacity for 
heat. But further observation and experiments 
proved that this by no means held universally true, 
and the term "capacity for heat" is not now used, but 
the expression "specific heat" employed in its place; 
and the following theory subsequently proposed by 
Black is received regarding it 

Heat exists in bodies in two different states. In 
one it is in chemical combination, exhibits none of its 
ordinary character, evinces no signs of its presence, 
but is, as he terms it, latent; in the other it is 
uncombined and free, and passes readily from one 
substance to another, affecting in its progress the 
senses, or to use the expression of Black, it is free heat. 

Any substance, then, that so combines with heat 
added to it as to render it latent, has a low specific 
heat, and vice versa* 
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The follQwIng table exhibits the specific heat of 
some of the more important bodies : — 

Water ... lOOO Iron 114 

Alcohol • - .660 Copper - - • . 95 

Wtricacld - - - 442 Silver - - - - 57 

Magnesia - - - 276 Tin 66 

Carbon . - - 241 Mercury . *• . . 33 

The specific heat of substances has probably a very 
intimate connexion with their molecular and chemical 
constitution. This, however, is a subject that cannot 
be entered into here 

It will be remarked, that of all substances water 
has the highest specific heat, and this has been pointed 
out as a striking illustration of design in the creation 
of the economy of nature. Owing to it the ocean 
cannot, even during a tropical summer, be much or 
rapidly raised in temperature. Almost all the heat 
that it receives becomes latent If the sea had the 
same specific heat as mercury, it would in a single 
hot day destroy all animal life in it, and very soon be 
entirely converted into vapour. 

This seems the proper place to make the remarks 
we have to offer regarding the changes produced in 
the form of bodies by heat. 

All bodies are either solid, liquid, or gaseous, and, 
as before stated, the condition that they are in de- 
pends upon the heat they contain. Some substances 
are always solid, as charcoal ; some, as oxygen, are 
always gaseous ; and alcohol is never solid ; but it is 
probable that if we had it in our power to expose 
these substances to a sufiScient degree of heat or 
cold, we could respectively melt or solidify them. 
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At any rate, by exposing most substances to different 
degrees of temperatnre, we can render them solid, 
liquid, or gaseous, at will. Th^ process of making 
a solid a fluid, is called liquefaction ; and that of 
making a fluid a gas, vaporisation. Both demand a 
little notice. 

One of the most remarkable of the phenomena that 
attend liquefaction is the fact that during it a great 
deal of heat becomes latent. Thus, if we mix together 
a pound of water with a pound of water at 172% the 
mixture will have the medium temperature of 102% 
But if we mix a pound of ice at 32° with a pound of 
water at 172% the ice dissolves quickly, but the 
temperature of the mixture is only 32% The pound 
of hot water in this latter experiment loses 140** of 
heat, which enter into the ice, liquefy it, but become 
quite latent. In other words, when ice liquifies, a 
quantity of heat becomes latent that would be suffi- 
cient to raise a similar weight of water 140% Or 
the experiment may be varied: if two flasks, one 
containing a pound of water at 32% and another a 
pound of ice at the same temperature, be placed upon 
the same fire, by the time the ice has melted, and 
has only a temperature of 32% the water in the other 
pan will have a temperature of 172°. 

As so much heat disappears during liquefaction, 
it follows that when a liquid becomes solid, heat is 
evolved, or that latent heat becomes sensible or free 
heat. And such is experimentally found to be the 
case. Thus water in the act of freezing, and with 
the surrounding temperature at zero keeps at 32% 
and the only possible source of heat is its own latent 
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heat. What is more, if distilled water be kept very 
still, it may be cooled down to 21** without ice being 
formed ; but the moment it is stirred it freezes, and 
immediately it does so the temperature jumps up 
to 32^ 

Although, by management, we can cool water be- 
low 32** without its freezing, yet, in every case, solid 
water (and a similar rule holds true of all other solids) 
melts at that temperature. Hence, in speaking of 
the scale of the thermometer, to be quite correct we 
should not say the freezing point of water, but the 
melting point of ice. 

We may here remark, that by adding small quan- 
tities of saline matters or vegetable acids to water, 
we very considerably lower its freezing point. Thus 
sea-water does not readily freeze, and when it does 
it is pure water that is crystallised. It is for this 
reason that the ice islands of the arctic regions when 
melted are drinkable. 

If a solid substance liquify without the application 
of artificial heat, it abstracts from surrounding objects 
the heat necessary for its liquefaction. Thus, when 
we make eau sucr^^ by dissolving sugar in water, 
the dissolving sugar abstracts heat from the water 
and renders it cooler. By dissolving other saline 
substance in water or other liquids, a much greater 
degree of cold can be produced ; and if we use snow 
or pounded ice, the cold is still greater. It is by 
acting upon this principle that freezing mixtures are 
made. These substances were very fully experimented 
upon by Mr. Walker about half a century ago, and 
the following tables are extracted from his paper. 



r 
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FsiOOBinc HlXTfTRBS WITBOUT SNOW OR ICB. 





Mixtaras. 


Parts. 




Degmorcoid 
produced. 




Nitrate of ammonia 
Water 




from+500to+ 4© 


460 




Muriate of ammonia 
Nitrate of potasli - 
Water 


16 


from+50O to+KP 


4(P 




Sulphate of soda - 
Dilute nitrous acid - 




from+5<P to- 99 


MO 




Sulphate of soda - 
Muriate of ammonia 
Nitrate of potash - 
Dilute nitrous acid 




from+50O to-lQO 


60O 




Sulphate of soda - 
Nitrate of ammonia 
Dilute nitrous acid- 




flrom+6<Pto-140 


640 




SAIphateofsoda . 
Muriatic acid 




from-l-SOOto OP 


60O 




Phosphate of soda - 
Nitrate of ammonia 
DUute nitrous add - 




ttom (fi to -840 


340 




Frioorific 


MlXTURBS 


WITH Snow OR lOR. 




. 


Common salt 




flnom any temperat to-- 6P 






Snow - - - 

Common salt 

Sal ammoniac ' • 




do. do. to-120 






Snow 
Common salt 

Nitrate of potash - 




do. do. to-180 






Snow . . . 
Common salt 
Nitrate of ammonia 




do. do. to-260 




' 


Snow - - - 
Concentrated nitrous acid - 




firom+320 to-30O 


620 




Snow 

Cr. muriate of lime 




from+a20 to-60O 


820 




Snow - . - 
Potash 




from +820 to-61o 


830 




Snow . . . 
Diluted nitric acid . 




tt^m <P to-460 


460 




Snow . - . 
Cr. muriate of lime 






660 




Snow . . . 
Diluted sulphuric acid 


8 
10 


1 from-^eeoto-gio 


250 . 



VOL. I. 
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The frigorific power of the above mixtures is in- 
creased by previously cooling the materials in a frigo- 
rific mixture. It would at first appear that by acting 
in this manner we could produce any amount of cold, 
but such is not found to be the case in practice, and 
the lowest temperature Mr. Walker succeeded in ob- 
taining was — 100°. 

As some substances are in the act of being lique- 
fied, a remarkable change comes over their molecular 
condition. Thus iron or glass become soft and pasty, 
and two or more pieces can be joined into one. This 
is a very important and useful property, but one 
not very easy to explain. 

A vapour or a gas (and we may take the terms as 
synonymous) is produced when most fluids are sub- 
iected to heat. Taking water as the type of a fluid, 
and steam as the type of a vapour, we may say that 
the former (water) is a compound of ice and heat, 
and that the latter is a compound of ice and more 
heat. Sometimes, also, a solid, as sal ammoniac, be- 
comes a gas without previously becoming a liquid, 
although this is an uncommon occurrence. The 
passage, too, from the liquid or solid state to that of 
vapour may take place either slowly or silently, in 
which case it is said to evaporate ; or quickly and 
violently, when it is said to boiL Evaporation can 
and does go on at all temperatures, but boiling always 
begins at a certain temperature, varying for each 
different substance, and also being afected by the pres- 
sure to which it is exposed. We will first notice some 
of the phenomena common to substances passing from 
the solid or liquid to the aeriform state either by boil* 
ing or evaporation. 
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One of the most striking of these is, that when a 
liquid, by boiling or evaporation, becomes gaseous, 
a great quantify of heat becomes latent In like 
manner, when an aeriform body is reduced to the 
liquid state, a large quantity of latent heat becomes 
free. Both these statements are easily proved ex- 
perimentally. We select a practical illnstration of 
the latter. In fig. 10. a is a lamp suspended under 
a flask ft, containing two ounces and a half of water 
at 32^ Into the neck of this flask there is inserted 




a paforated cork, in the orifice of which is one end 
of a bent tube, the other end of which is in the open 
glass, c. This glass also contains two ounces and a 
half of water, having a temperature of 32^ The 
lamp in the frimace is then lighted. 

Very soon the water in h will begin to form vapour 
or to boil, and this vapour or steam, as it is com* 
monly called, will pass along the tube into c, where it 
will be condensed. After a little the water in c will 
be observed also to boil, and if the thermometer 

X 3 
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be introduced into it, that instrument will stand 
at 212^ 

The lamp must now be removed, and the contents 
of the flask b and the glass c weighed. Those of b 
will be found to weigh only two ounces, the other 
half ounce having gone over as steam and been 
condensed in c. The contents of c of course weigh 
three ounces. Yet this half-ounce of steam, that had 
only a temperature of 212°, has heated to the boiling 
point two ounces and a half of cold, water. The 
steam has given to the water 932® more heat than 
itself possessed in a free state ; that is to say, so much 
heat that was latent in the steam, becomes free when 
this vapour is condensed into water. 

The great quantity of heat contained in an in- 
sensible form in steam, and the ease with which this 
vapour can be converted into water or be condensed, 
and its heat thereby given out in a sensible form, 
have led, of late years, to its extensive use, both for 
warming houses and for many processes of chemistry, 
&c., in which the direct application of flame is ob- 
jectionable. By means of a series of pipes, steam 
may be brought from a boiler to every part of a 
house, and, by being allowed to gradually condense 
against the inside of the iron pipes conducting it, 
warm every apartment in Fig, ii. 

it 

Before parting with this / 
subject of free and latent f 
heat, we may refer to the \ 
adjoined diagram {Jig. 
11«), which . exhibits the 
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decrease and increase of free heat in matter during 
its progress from a solid to a liquid^ a liquid to a 
T-aponr, a vapour to a liquid, and a liquid back again 
to a solid* We start with a piece of ice at A, and 
follow it through out its different stages back again 
ta a piece of ice at B. It is first liquefied, and then 
evaporated, the result of both being to render heat 
latent ; it is then condensed and afterwards frozen, the 
xesult being to liberate or render sensible the heat. 

Vapours occupy much greater space than the 
liquids or solids from which they derive their 
origin. Thus water passing into vapour expands to 
1696 times its previous volume, alcohol to 659 times, 
and ether to 443 times. Watery vapour is a good 
deal lighter than the atmosphere (the specific gravity 
of air being 1000, that of watery vapour is about 620), 
and watery vapour floats in the atmosphere, forming 
clouds, and does not descend thence until it is con« 
densed into water. 

The temperature at which a fluid becomes con- 
verted into a vapour, that rises with sufficient quick- 
ness to constitute ebullition, is called its boiling-point, 
and varies in different substances. Ether boils at 
96% alcohol at 176% and water at 212% while mer- 
cury does not boil until it attain a temperature of 
662^ But in all these cases it is to be understood 
that the barometer stands at 30 inches. When 
this is the case, the pressure of the atmosphere is 
fifteen pounds upon every square inch of surface. To 
this pressure liquids are of course as much subjected 
as solids are, and they cannot begin to boil at all 
until their particles have acquired as much elastic 
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force as will enable them to oppose this pressure 
of the atmosphere, or they camiot boil until their 
particles press against those of the atmosphere 
as strongly as those of the atmosphere do against 
theirs. But the barometer does not always stand at 
30 inches; that is to say, the atmosphere does not 
always press exactly fifteen pounds upon each square 
inch of surface. Sometimes it presses rather more, 
sometimes rather less, and the consequence is that the 
boiling point of the same substance sometimes varies 
a little. 

For example : in ordinary weather at the level of 
the sea the pressure of the atmosphere is such that 
water boils at 212°; but if carried to 1060 feet above 
the sea's level, the pressure of the atmosphere is so 
much reduced that it 
boils at 210^ If the ^^'^^' 

pressure of the atmo* 
sphere be altogether 
taken from it, as is 
done when some of it 
is introduced into the 
exhausted receiver of 
an air pump, it boils 
at 12^ ; and ether si- 
milarly situated actu- 
ally boils at— 44°, that 
is, at a temperature at 
which mercury would 

freeze. 

« 

In thus boiling li- 
quids in vacuo we require to keep the pump working. 
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for if we do not the vapour accumulates and forms an 
artificial atmosphere^ the pressure of which stops the 
boiling. The fact of the vapour from a boiling liquid 
accumulating and exercising a pressure on the sur- 
face of that liquid sufficient to stop the boiling, is 
shown hj the following little experiment A, in Jig. 
12., is a flask ha]f-fllled with water ; this is boiled 
so as to expel the air, and then carefully corked. It 
is taken from the lamp and inverted, when the upper 
part immediately fills with vapour, which by its 
pressure stops the boiling. If a jet of cold water be 
now sent upon it, the vapour is condensed, a vacuum 
is formed, and the water immediately begins to boil 
again. If, however, warm water be employed, the 
vapour retains its elastic form, and the boiling stops. 
We in this case produce boiling by the application 
of cold, and arrest it by applying heat 

Advantage is taken of the elasticity of steam in the 
steam-engine, and owing to this, human com- j^ ^3 
fort and civilisation have been most wonder- 
fully extended. The construction of the | 
steam-engine depends upon the much larger 
space occupied by steam than the water 
from which it proceeds, and upon the ease 
with which steam is converted back again to 
water by cold. WoUaston's cylinder (Jiff. 
13.) shows the example of the steam-engine 
very clearly. It is a glass tube, an inch 
wide, and blown into a bulb at the bottom. 
A piston is accurately fitted to the cylin- 
der, the rod of which passes through the 
brass cap at the top. A little water is introduced 
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into the bulb. If the bulb be held over a spirit-lamp, 
steam is formed, which immediately drives up the 
piston. If the bulb be now dipped into cold water, 
the steam is condensed, and the pressure of the 
atmosphere inunediately forces down the piston again» 
By alternately applying heat and cold to the bulb, 
the piston may be moved up and down for any length 
of time. There is little difference in principle between 
this little instrument, and the early steam-engine. 
In that engine, however, the water was condensed in 
a separate vessel. 

The gentle and quiet mode of vaporisation or 
evaporation takes place at ordinary temperatures. 
Thus, if a little water be put into a saucer, it will 
become less and less, and in a few days it will entirely 
disappear. All fluids are subject to it, although some 
evaporate much faster than others, and, generally 
speaking, those evaporate fastest that have the lowest 
boiling point. 

Evaporation is promoted by a variety of circum- 
stances, such as extent of surface, currents of air, 
temperature, &c. All these are very evident, and 
may be passed over. 

During evaporation a great quantity of heat 
becomes latent, and cold is felt. If a drop of ether 
or of alcohol be allowed to evaporate from the hand, 
this is easily felt ; and if a rag be dipped in fluid and 
spread over the bulb of a thermometer, we imme- 
diately see the mercury fall. By a little contrivance, 
however, we can even still more strikingly exemplify 
the great amount of cold that is produced in this 
manner. 
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Thus, if m litde liquid cubonic acid be poured into 
the air, a portioo of it eTif»ntes nith extrune 
rapidity, and the cnid thexebj produced is so intense 
as actoall J to fineeze the oth^ half, and coiiTert it into 
a white solid. Or, if we {dace water in an exhausted 
receiver, and along with it a little saucer containing 
sulphuric add, the water eyaporates with great 
rapidity, and the Tapour is absorbed by the acid. In 
this manntf' we have a perfisct vacuum kept up, and 
the water very socm, by its own evi^Miration, fireeies 
itself. 

The action of a little iostrument contrived by 
Wollaston,andcaI- 1%l 14. 

ledthecryophoros, /^ 



upon the i 
iiciple. It ^}^ 
of a longVBr 



same principle 
consists 

tube, terminating in two bulbs which contain some 
water, and firom which the air has been carefully ex- 
pelled by boiling (Jig. 14.). To use it, all the water is 
brought into one bulb ; the remainder of the space, 
apparently empty, in reality contains watery vapour, 
the product of evaporation. This watery vapour 
prevents, by the pressure it exercises upon the surface 
of the water, any more evaporation firom going on. 
If the empty bulb be now plunged into a fireezing 
mixture, this watery vapour is at once condensed, and 
then the water in the bulb, which is a yard distant 
from the fireezing mixture, and in nowise affected 
by it, begins to evaporate so rapidly that the cold 
thereby generated in the course of about two minutes 
fireezes it. 
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A certain amount of aqueous vapour is always 
being sent into the atmosphere by evaporation^ £rom 
whence it is returned at variable times in the form of 
rain, snow, &c. There probably is not a drop of 
water in a spring, a river, or an ocean, that has not 
once formed part of a cloud ; and there is not a cloud 
of which every particle will not eventually form part 
of one of our seas. As', however, the evaporation 
from the seas, &c., of water is greater at one time 
than another, and as the fall of rain is also variable, 
it follows that the atmosphere will sometimes contain 
much more evaporated aqueous vapour than at others. 
It is often desirable to ascertain the amount that it 
does so contain, and this is done by means of a 
hygrometer. 

Several kinds of hygrometers have been con- 
structed. Several substances, of which, perhaps, the 
best example is to be found in human hair, expand 
when they absorb water, probably owing to their soft 
texture, and also absorb watery vapour readily from 
the air. Hygrometers hav6 naturally been for long 
constructed of such materials, and the hygrometer 
usually affixed to the barometers of the shops is still 
one of this kind. But all these materials eventually 
stretch, and in order to give correct results require 
to be frequently adjusted to their indices. Another 
kind of hygrometer was invented by Leslie, and it 
points out the moisture or the dryness of the air by 
the rapidity with which evaporation goes on in it 
Daniel's hygrometer, the best probably that we 
possess, is on an entirely diflFerent principle from both 
these. 
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Fig, 15. 



Warm air can hold suspended in it more watery 
vapour than cold air. Consequently, when air is 
cooled by contact with any cold solid body, the 
watery vapour is deposited in the form of liquid 
water upon it Thus, a glass of cold water brought 
into a warm room has its outside soon covered by 
moisture derived from the watery vapour of the air. 
The temperature at which- this occurs is called the 
dew point. If the air be saturated with moisture, the 
least diminution of temperature is attended with this 
deposition of dew; 
while, on the other 
haad> if the air is 
dry, there will be a 
fall of several degrees 
indicated by the ther- 
mometer before this 
takes place. Daniel's 
hygrometer,then,con- 
sists in determining 
the dew point It con- 
sists (^fig. 15.) of a cryophorus, with the stalk, how- 
ever, of one bulb much longer than that figured in p. 
57., and the substance in the interior is not water, 
but ether. In the bulb with the long stalk, a small 
thermometer is placed, its bulb being immersed in 
the ether. The other bulb is covered with muslin. 
Usually a thermometer is inserted into the stalk, for 
reference. When the instrument is used the muslin 
is moistened with ether, the evaporation of which 
condenses the vapour within the cryophorus, and 
causes the ether in the bulb to rapidly evaporate. 
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This chills the ether and the bulb containing it, and 
very soon dew is deposited on the outside surface of 
the bulb* The height at which the two thermo- 
meters stand is then noticed* 

Such may, perhaps, serve for an outline of those laws 
of Heat that more particularly refer to chemistry. 
Short as has been the outline of them, and imperfect, 
enough has probably been stated to cause us not to 
wonder that the mythologists fabled that Prometheus 
stole fire from heaven ; or that the Magi of old wor- 
shipped it on the tops of the lofty hills of '* the stony 
girdle ; " or that the old Grecian philosophers declared 
that it must be and was the principle of all things* 
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CHAP. IL 

THB ATOMIC THEORY. 

From a very early period in the history of philosophy 
two opinions have been entertained regarding the 
ultimate elements of matter. One party maintains 
that every particle of matter, however small, may be 
divided into smaller ones, provided our organs were 
adapted for the purpose. According to the other 
view, every substance is composed of a number of 
ultimate molecules which cannot be further divided, 
and which are therefore called atoms (from a, not, 
and refivecVf to cut). It is impossible to decide as to 
which of these opinions is absolutely true, but the 
probability is in favour of the latter, and the recent 
progress of chemistry renders it almost certain. To 
adopt it, moreover, greatly facilitates the acquirement 
of the elementary principles of chemical science. 

As before mentioned, it is possible that the monads 
of Pythagoras are analogous to the atoms of later 
writers. The doctrine of atoms was unquestionably 
taught by Democritus and other cosmological writers 
of the Eleatic sect, and was still more prominently 
asserted by Lucretius. It held its ground, too, in 
mediaeval times, and for long after the revival of 
learning, having indeed been again brought forward 
and admitted by Newton. It came, however, to be 
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looked upon as a question of no practical consequence; 
and, indeed, until the discovery of the true elements, 
it was so. 

The experiments of Wenzel, of Higgins, and of 
Richter, during the latter part- of the last century, 
paved the way to the great and modem atomic theory 
of Dalton, promulgated fifty years ago. In order to 
have an intelligible idea of it, it is necessary to have 
firmly impressed upon our minds the two following 
facts. 

As before stated, all the substances found on or 
around this world are resolvable into a small number 
of elementary bodies, — oxygen, hydrogen, carbon, 
&c. &c. 

Any individual compound body invariably consists 
of the same elements united together in the same 
proportion. Thus water is a compound of oxygen 
and hydrogen, and the oxygen, in any given quantity 
of it, always weighs eight times as much as the 
hydrogen. No other two elements save these can, by 
combining together, compose water, nor can these 
elements do it in any other proportion. We may 
mix oxygen and carbon together, or hydrogen and 
carbon together, expose them to any action that we 
can devise; but by doing this we never will form 
water. Or, we may put into a tube ninety grains of 
oxygen, and eight of hydrogen, and send electricity 
through them. The result will be that eighty grains 
of the oxygen will unite with eight grains of the hy- 
drogen, and form eighty-eight grains of water, leav- 
ing the ten grains of oxygen still uncombined* 

We can, however, by mixing (under certain con- 
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ditions) hydrogen and oxygen^ form another liquid 
besides water^ bat then the proportions must be 
different We mnst take not only eighty grains of 
oxygen and ten of hydrogen, bat another eighty 
grains of oxygen, u e., we most take exactly twice as 
much oxygen. The compound here allnded to is the 
binoxide of hydrogen. 

N0W9 Dalton maintained that eyery simple or ele- 
mentary substance is made up of a congeries of atoms, 
the weight of which differs in every one of the 
different elements. Compound bodies are made up 
also of ultimate atoms, but every one of their ultimate 
atoms is composed of the united atoms of their con- 
stituents. Of course the weight of each ultimate 
atom of a compound body is the sum of the weight of 
its constituents, just upon the same principle as when 
we mix a pound of sugar with a pound of water we 
obtain two pounds of syrup. 

The actual weight of any of these ultimate atoms 
is so very small that our senses could not observe it, 
but we may invent a weight inconceivably little. 
We may name this a weight If we imagine, then, 
that there are three simple elementary bodies that 
we will call A, B, and C, each of which is composed 
of ultimate atoms, an atom of A weighs 1 a weight, 
an atom of B 8 ^ weights, and an atom of C 14 a? 
weights. 

Atoms being indivisible things, it is plain that only 
whole atoms of different elements can join together to 
form a compound. One atom of A may join with one 
of B, but one atom of A cannot join with one and a 
half of B, because there is no such thing as a half- 
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atom ; but there is nothing to hinder one of A to com- 
bine with two atoms of B, or three, and so on. 

If an atom of A, weighing 1^ weight combine with 
one of B, weighing 8^ weights, the weight of the atom 
of the compound so formed will be 9x weights ; or 
if one of A combine with two of B, the weight of the 
atom of that compound will necessarily be 17. 

Now, the weight. of an atom of hydrogen is 1, 
and that of one of oxygen, 8. If these two com- 
bine together they form water. If two atoms of 
oxygen unite with one of hydrogen, they form a 
peculiar fluid, to which the name of binoxide of 
hydrogen is given. The weight of the atom of 
water is of course 9, and of the other substance, 17. 
The accompanying diagram {Jig. 16.) will perhaps 
make this clear. 

Fig, 16. 

Having ascertained that the weight of an atom of 
B, or oxygen, is x weight 8, if it form compounds 
with one or more atoms of C, the a weight of which 
is 14, the a weight of an atom of these compounds 
will be 14 + 8, or, if there is more than one 
atom of C, 14 + twice 8, or three-times 8, &c., as 
the case may be. 

The atomic weight of the element nitrogen is 14., 
and the accompanying diagram {Jig. 17.) shows the 
combinations of the atoms of oxygeil and nitrogen, 
and of hydrogen and nitrogen. 
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Fig. 17. 
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Stilly notwithstanding the probability of the atomic 
theory^ and the manner in which it facilitates the pro- 
gress of the student^ for many years past almost all sys- 
tematic writers upon chemistry have explained the laws 
of chemical combinations in language which is not 
indeed nearly so clear, but which does not involve the 
assumption of the existence of atoms and of atomic 
weights which have not been demonstrated. This 
fear of hypothesis has doubtless been carried to an 
extravagant height, and in chemistry, as was said 
long ago of another science, there are more false facts 
than false theories. Still, in deference to what has 
now become usual, the laws of chemical combination 
will not be considered here, but deferred until the 
next chapter. 

We cannot part^ however, with the atomic theory 
until we have briefly noticed some remarkable facts 
connected with the composition of bodies which, with- 

yoL. I. F 



ts 



FHASIB OF MATTER. 



BoOKt, 



out its aid, would be perfectly inexplicable. It is 
clear that the properties of compound bodies will 
mainlj depend upon the kind of the elements that 
compose them^ hut it is as clear that they may also 
depend to a certain extent upon the manner in which 
the atoms are grouped together- A German writer 
illustrates this by means of a chess-board, as shown 
in Jig. 18- : a, J, c, d, are four figures, each composed 
of eight white and eight black squares. Still, 
although each has the same number of the same 
kind of square, yet, owing to the manner in which 
they are grouped together, we have four diflFerent 
figures. If we suppose that a Fig , 18. b 

these squares are atoms, the 
eight black ones, say, eight 
atoms of oxygen, and the 
eight white ones eight atoms 
of hydrogen, then it is evident 
that these may form four dif- 
rent compounds. Or, in this 
case, four compounds may 
exist, composed of the same elements, and in the 
Bame proportion, but differing in appearance. In 
actual practice it is yery seldom that such compounds 
do occur, hut they do sometimes^ and are called 
isomeric. Thus sugar, stai'ch, and the principle of 
wood (ligtdne) are severally composed of carbon, 
oxygen, and hydrogen, and they each contain the 
same proportions of these. Even were each atom 
of all these composed of one atom each of their con- 
stituent elements, we could easily conceive this to be 
the case. But, in point of fact, each atom of sugar. 




Chap. II. 



THE ATOMIC THEORY. 



67 



of starch, and of lignine is a very big atom, and con- 
sists of at least six atoms of carbon, five of hydrogen, 
and four of oxygen. We can readily believe that 
they are grouped together differently, as seen in rf, 
€, and /, in jig. 19. ; and we can quite well under- 
stand tliat there should be isomeric bodies. 






By the aid of the atomic theory we can also under- 
stand another interesting, although not so important 
a fact as the preceding. It is called isomorphism. 
Besides having a different weight, the atoms of dif- 
ferent bodies have different sizes. We will suppose 
that a compound crystallized body is composed by the 
union of atoms of a with an atom of 6. We will fur- 
ther suppose that we take away atom 6, and put an 
atom of c in its place. There may two things happen. 
The shape and size of the crystallized compound may 
be very much changed, and this is usually the case ; 
and in such a case we infer that an atom of c is of a 
different size from an atom of h. Or the shape and 
size of the crystal may remain the same. This rarely 
bccurs, but it does sometimes; and then we infer that 
the atom h and atom c are of the same size, or are 
isomorphous. This subject, however, will be recurred 
to when treating of the properties of alum. 

F 2 
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CHAR HI. 

CHEMICAL AFFINITY AND THE LAWS OF CHEMICAL 
COMBINATION. 

Chemical attraction, or, as it is now usually called, 
chemical affinity, is that power which impels an atom 
of one element to combine with an atom of another 
element, and form thereby an atom of a compound 
differing in appearance and properties from either 
element ; or which impels an atom of one compound 
body to unite with an atom of another compound 
body, and thus form an atom of a body still more 
^ompoimd. If we hold the atomic theory to be cer- 
tainly established, the word attraction is the better ; 
but if we think it improper to maintain that, the 
vaguer expression of affinity becomes the preferable 
one. In accordance with modem custom the latter 
is here employed. 

Chemical i^Snity only enables substances to unite 
and form a compound when the particles of both are 
in close proximity. In this it widely differs from 
the mechanical attraction of gravitation. It is quite 
easy to conceive, however, that this close proximity, 
which indeed appears to us the closest proximity, is 
not in all cases as complete as it might be, and that 
if it were a little more so the affinity might be mo- 
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dified. This, howerer, is a question yerj soon to be 
inyestigatecL 

The simplest illustrations of chemical affinity maj 
be obtained by mixing two substances together. 
Thus, if we take water and alcohol and mix them 
together, they combine and form grog; and this 
combination takes place whatever quantities of 
alcohol and water are chosen. If, however, we mix 
oil and water together, they do not combine at alL 
If we mix sugar and water together, they combine 
in whatever proportions they are in; but if we mix 
sugar and alcohol together, only a very little of sugar 
can combine with a great deal of alcohol, and if we 
put into the spirit more sugar than it can combine 
with, the portion just remains uncombined sugar ex- 
actly as it was ere its particles came into contact with 
those of the spirit Conversely, if we put a lump of 
camphor as big as a marble into a quart of water, the 
water and a grain or so of the camphor combine, but 
the greater part of the camphor remains as it was ; 
but if we take a quart of alcohol, we may put a 
dozen pieces of camphor, each as big as a marble, into 
it, and they combme with it and disappear imme- 
diately* 

That is to say, that chemical attraction or affinity 
is exerted between di£Ferent bodies with very different 
degrees of force. Between some bodies it does not 
exist at all ; between others it exists but feebly, and 
between others, again, it is very strong indeed. A 
substance a, may have no affinity, and form no com- 
pound with another substance b, while it may have a 
r a 
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stroiig affinity for, and form a comjtotind with a tliird 
substance^ c; and this substance c, may or may not 
have a strong affinity for b. 

But much more complex phenomena of chemical 
affinity may be observed than those which attend the 
simple admixture of two substances, and consequent 
formation of a third one. If we take> for instance, 
some ammonia, or hartshorn, as it is popularly called, 
and mix it with some oil, the two at once combine, 
and form a white fluid soap or liniment. If to this 
liniment we add a little sulphuric acid, the ammonia 
immediately leaves the liniment, unites with the acid, 
forming sulphate of ammonia, and the oil is set free 
again just as it was before it united with the ammonia 
to form the liniment The reason of this of course 
is, that strong as may be the affinity of the ammonia 
for the oil, its affinity for the acid is still stronger. 

In this experimait there is not only construction 
and combination, but destruction and decomposition. 
Sulphate of ammonia is formed, but the liniment is 
destroyed^ This is said to be an example of simple 
elective affinity ; elective^ because a substance (in this 
t^ase, ammonia) manifests a choice for one of two others 
(in this example for the acid in preference to the oil), 
by choice uniting with it, to the exclusion of the 
other. In the course of the following pages we shall 
have occasion to notice very many illustrations of 
this simple elective affinity. 

- The degree of affiuaity one substance has for others, 
or the order in which decomposition will take place, 
^has been expressed by tables. One of these may 
serve as an instance : — 
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SuLPBUMC Acia 



Baryta Lime 

Potassa Ammonia 

Soda MagiMtia. 

This means that sulphoric acid has an amount of 
affinity for magnesia^ a stUl stronger one for ammonia^ 
one stronger again for lime^ a more intense one than 
that for soda^ a greater one yet for potassa^ and the 
strongest of all for baryta. It also means that if 
snlphuric acid and magnesia are put in close proxi- 
mity they form a compound — sulphate of magnesia^ 
or Epsom salts. If to a solution of this some am- 
monia be added; the acid immediately leaves the 
magnesia (which falls down to the bottom of the 
glass) and forms sulphate of ammonia. If some lime 
be added to this compound, the acid immediately 
leaves the ammonia and jumps to the lime^ forming 
sulphate of lime, or gypsum. However, if we put 
soda to this, the acid at once leaves the lime and joins 
the soda, forming sulphate of soda, or Glauber's salts. 
This in its turn may be decomposed by potassa, and 
if to sulphate of potassa some baryta be added, the po- 
tassa is deserted, and sulphate of baryta formed. The 
affinity, however, between sulphuric acid and baryta 
is so strong, that nothing can separate the two. All 
the substances above any particular substance fixed 
upon can decompose the compound that sulphuric 
acid forms with any of the substances printed below. 

Much more complicated changes, however, occur 
than in those decompositions in which we witness 
examples of the merely elective affinity. In these 
three substances only are present, and but two affi- 
nities exert themselves. There is, for example, sul- 
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phate of magnesia^ and to this we add some baryta. 
There is an affinity for the sulphuric acid and the 
magnesia^ but there is another and a stronger between 
the sulphuric acid and the baryta^ and conseqiiently 
the acid leaves the magnesia and joins with the ba- 
ryta^ forming sulphate of baryta. But it often hap- 
pens that two compounds^ representing four affinities, 
are mixed together^ and two decompositions take place^ 
and two new compounds are foimed. Thus^ there 
are two salts^ carbonate of ammonia (consisting of 
carbonic acid -f ammonia), and nitrate of lime (con- 
sisting of nitric acid + lime). Their constitution and 
the changes that take place when they are mixed 
together wiU, perhaps, be best seen from the diagram. 

Carbonate of ammonfa. 

Carbonic ■**"- Aiiiim>nia=sNitnite of ammonia. 

Nitric acid — — ' ^ Lime ^Carbonate of lime. 

Nitrate of lime. 

It happens that carbonic acid has a stronger affinity 
for lime than it has for ammonia, and, on the other 
hand, nitric acid has a stronger affinity for ammonia 
than it has for lime. When the two salts, then, are 
mixed together, the acids exchange from the one to 
the other, and the result is the formation of the two 
new salts, — nitrate of ammonia and carbonate of 
lime, or chalk. Occurrences like this (and they are 
extremely common) are said, in technical language, 
to be instances of double elective affinity. 

Great changes usually accompany these chemical 
actions in which affinities are brought into play. In 
general, the substances that combine lose their pro- 
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perties^ and the new substance that is formed ac- 
quires properties peculiar to itself. There is^ for in* 
stance^ sulphuric acid and potassa^ both being yerj 
caustic substances. The acid, moreover, is very 
sour to the taste, and reddens anj vegetable blue 
colour, while the potassa has a very alkaline taste, 
and makes any vegetable blue that it comes in con- 
tact with, green. Tet these two substances unite to- 
gether and form sulphate of potassa, or sal polychrest, 
as it used to be s<»netimes called, which is not caustic, 
has a bitter taste, and, if brought into contact with 
vegetable blues, does not affect them at alL 

There is also very often a change in density, and 
two bodies that combine together rarely occupy the 
same space that their constituents did before they 
did so combine. G^erally speaking, the bulk of 
the new body is less than the united bulk of the 
combining substances. The colour, too, is very often 
affected. Thus, if we combine white mercury and 
yellow sulphur together, we obtain the bright red 
compoimd named vermilion. Iodine has a violet hue, 
and lead a bluish colour, but the compound formed by 
these is of a bright yellow colour. Oxide of copper 
is brown, but most of its salts are either green or 
blue-white ; on the other hand, the salts formed by 
the yellow oxide of lead are generally colourless. 

A change of temperature, also, often accompanies 
chemical action. When two substances combine to- 
gether, and occupy less space than they did, of course 
heat is evolved. So also is it if a gas become liquid, 
or a liquid solid. If the reverse of this take place, 
as befcnre explained, then cold is given out. When 
we come to consider the phenomena of combustion. 
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we shall have occasion to notice another manner in 
which chemical action causes an evolution of heat. 

Another very common change that goes along with 
chemical action is alteration of form. Solids become 
liquid, liquids solids, and both sometimes gaseous. 
The decomposition of gunpowder by heat is a com- 
mon example of a solid becoming gaseous, and in the 
following pages we shall often have occasion to 
notice similar instances. 

It is very important always to bear in mind that 
chemical affinities are liable to be modified, and are 
sometimes very much modified by certain conditions. 
As before mentioned, vitality is one of these ; and 
chemical elements forming part of the structure of 
an animal or a plant, form altogether different com- 
pounds from those which the same elements do, as 
long as they are in the laboratory of the chemist, or 
in any manner, in the inorganic world. Carbon, hy- 
drogen, oxygen, and nitrogen, if existing together in 
the non-vital world, form carbonic acid and ammo- 
nia; but if they exist together in the structure of an 
animal, they tend to form flesh. But when the animal 
dies, this flesh is actually converted into carbonic 
acid and anmionia. And even in the non-organized 
world, we can clearly see conditions present that 
modify and are capable of counteracting or promoting 
the tendency of chemical affinity. It will be useful 
to briefly consider some of these. 

One of the most important of these is cohesion. 
Sulphur and iron have, for example, an affinity for 
one another. But if we place a lump of sulphur by 
the side of a lump of iron, they do not unite, and this 
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clearly owing to the state of cohesion in which they 
are, and which prevents that close proximity of them 
which, as we have before stated, is essential to che- 
mical action. But by dissolving the sulphor by 
means of heat, and then adding the iron in very 
small laminsB, we can form solphuret of iron, or 
pyrites. In this experiment we diminish the co- 
hesion of the ii'on by mechanical means, and that of 
the sulphur by changing it by the application of heat 
to a liquid state. Both these two plans are often 
employed in order to promote chemical unions, but 
the latter is by £sur the more effectual, and the more 
frequently used. We perhaps cannot have a better 
illustration of the power which heat has of assisting 
the tendency of chemical attraction than in what 
takes place in many instances of crystallization. 

If, for example, we take a salt, say alum, and drop 
it into water, the alum and the water unite together 
up to a certain point. When this point, called satu- 
ration, has been arrived at, the water can dissolve or 
combine with no more alum. In practice it is found 
that eighteen ounces of cold water can dissolve about 
one oimce of alum. If we put this quantity of a 
saturated solution of alum in an open vessel, some of 
the water would gradually evaporate, and in time a 
quantity, 'say an ounce, would have disappeared, 
and the consequence would be, that the seventeen 
ounces left behind could not dissolve the whole ounce 
of alum ; and the quantity of it that the ounce of 
water that has disappeared held in solution, say thirty 
grains, is separated, and forms in large crystsds at the 
bottom of the dish. If, however, we boil the water 
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before putting in the alum, the boiling water com- 
mnnicates part of its heat to the alom^ and thereby so 
increases the combining power of the almn that we 
maj put in actuallj eighteen ounces of alum before 
the mixture becomes a saturated solution* As this 
solution^ however^ gradually cools^ the affinity between 
the two solutions becomes less and less, and by the 
time it has quite cooled, the whole additional seventeen 
ounces of alum will be found uncombined with water, 
and crystallized at the bottom of the dish. 

Cohesion also affects affinity in a manner that it 
will be necessary here only to state. When we mix 
together three substances, and if one of the two com- 
pounds that may be formed is insoluble, that insoluble 
one is always formed. 

Contrary to what at first would be expected, elas^ 
ticity, so far from promoting, has actually an unfavour- 
able effect upon chemical action* Two gases placed 
together rarely unite. The cause of this is that their 
atoms are too far removed and not in sufficiently close 
approximation for the play of chemical affinities. It 
is owing to this that many compound substances maj 
actually be decomposed by an exposure to a high 
temperature. The expansion in such a case removes 
the elements of the compound to such a distance &om 
one another that the chemical attraction loses its 
influence. This is particularly the case when one of 
the elements combined has a tendency to be volatile, 
and when the other is fixed. Thus, if the oxides of 
several of the metals be exposed to a high temperature, 
the oxygen flies off as a gas, afad the pure metal is 
left behind. 
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It will be observed^ however, that although heat 
sometimes fevours and sometimes actnallj impedes 
chemical affinitjr^ yet that the rationale of its action 
is always the same. When the cohesive power tends 
to prevent combination, the heat diminishes the cohe- 
sive power, or even converts a solid into a liquid, and 
hence in such a case it favours the action of affinity. 
But when it renders a substance gaseous, it removes 
their particles to too great a distance. 

Quantity of matter has also a very considerable 
effect upon chemical affinity. Supposing a substance, 
say lead, unites with another, oxygeif, in more than one 
prop(»rtion, the compound that contains the least quan- 
tity of oxygen will be the most difficult to decompose. 
Thus the peroxide of lead yields its oxygen upon the 
application of a moderate amount of heat; the red 
oxide requires a much greater heat; and let us heat 
the protoxide as Ve will, we cannot separate the oxy- 
gen and the lead. 

It is quite possible to express the proportions in 
which bodies unite, and the laws of combination, with- 
out reference to the atomic theory. Four great laws 
exist with regard to combining proportions, which may 
be stated as the laws of — 1. Constant Proportion ; 
2. Keciprocal Proportion; 3. Multiple Proportion; 
and 4. Compound Proportion* Each of these requires 
a little enlargement and explanation. 

1. Constant Proportion. The composition of all 
chemical compounds is fixed and invariable, and the 
elements that compose any compound are in it in the 
same proportion by weight. There, is common salt, 
for instance, which invariably consists of 36 parts of 
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chlorine to 24 of sodium, and whether we obtain the 
salt from a salt mine at hdme^ or from our seas^ or 
obtain it from the Pacific Ocean^ or ardficiallj com- 
pose it in the laboratory, its constitution is exactly the 
same, and its chlorine and sodium are precisely in the 
same proportion. 

The importance of this law in those arts that have 
for their end the formation of chemical compounds is 
yerj greats Glass, for instance, is a compound of 
silica and potassa, united together under the influence 
of heat Now, if the silica and potassa be put into 
the furnace in tfie proper proportions, there is no 
waste ; but if there be too much potassa (and potassa 
is a pretty dear substance) introduced, that excess is 
simply wasted. In like manner, in soap-making, and 
many other manufacturing processes, due economy 
can only be satisfactorily obtained by the aid of 
chemical science. * 

2. Beciprocal Proportion. This is supplementary 
to the preceding, and teaches that not only does the 
same compound always contain the same proportion 
of the same ingredients, but that the proportion in 
which an ingredient or element enters into one com-* 
pound, is also the proportion (with a modification, as 
it were, to be explained in the next paragraph) in 
which it occurs in all compounds whatever. Thus 
water is composed of oxygen and hydrogen, the oxygen 
being in the latter in the proportion of 8 to I. When- 
ever either of these elements unites with other bodies 
the same proportion is observed. Thus both unite 
with carbon (which we may represent by 6) to form 
carbonic acid and olefiant gas, respectively, and the 
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carbonic acid is 6 carbon + 8 oxygen^ and the other 
gas 6 carbon -f 1 hydrogen. Those who object to 
the atomic theory as too hypothetical name these 
combining weights of elements their equivalents. 

3. Multiple Proportion. One element often com- 
bines with another ia more than one proportion, but 
in such a case the higher proportions are multiples of 
the lowest. Thus oxygen combines with nitrogen in 
5 proportions. One equivalent of the latter combines 
with 1 equivalent or 8 of oxygen, also with 2 or 
16, with 3 or 24, with 4 or 32, and with 5 or 40; 
but never with any intermediate proportions. 

4. Compound Proportion. This is that the com- 
bining proportion of a compound body is the sum of 
the combining proportions of its constituents. Thus 
water consists of oxygen 8 + hydrogen 1, and its 
combioing proportion is of course 9 ; carbonic acid 
consists of carbon 6 + oxygen 8, and its combining 
proportion is of course 14; and so on for all compound 
bodies. 
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CHAP. IV. 
CHEMICAL NOKEKCLATURE AND NOTATIOV, 

The science of chemistry has progressed so rapidly 
that chemical nomenclature is not^ as it was a few 
years ago, almost perfect Indeed, many of the 
advances that chemistry has made are to be attributed 
to the accuracy created in the minds of those studying 
it by the exactitude of its nomenclature ; and even 
yet it excels in this respect all other sciences. 

It was only, however, towards the close of the eight- 
eenth century that the present system of naming 
chemical compounds was adopted.- Previously, either 
arbitrary or fanciful names were applied. The alchem- 
ists bestowed upon their chemicals quaint but some- 
times expressive names; as, flowers of sulphur, spirit 
of salt, aqua regia (from its dissolving gold), &c Astro- 
logy also gave appellations to chemicals. The metal 
quicksilver, or hydrargyrum, is to this day almost 
always called Mercury, because the astrologers con- 
sidered it under the influence of that planet. Iron, 
they held, was under the control of Mars ; and phy- 
sicians have only lately ceased from calling oxide of 
iron in their prescriptions crocus Martis. In like 
manner lead, they said, was subject to Saturn, and to 
this day a solution of acetate of that metal is known as 
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Satamine lotioii. Afterwards an erroneous opinion 
regarding phlogiston conferred names upon many 
snbstances. It was^ however, the discovery of oxygen 
gas that led to an improved nomenclature, and Lavoi- 
sier and his compeers proposed the system now used. 
This, with the additions that have since been made 
to it, is as follows. 

The names of the elementary bodies are quite 
arbitrary. Some have existed from time immemorial, 
and are vernacular, as with us are common names; but 
all those that have been discovered since the time of 
Lavoisier have been named from some striking pro- 
perty. Thus, chlorine is so called from its green- 
yellow colour (j(Kapo9)y iodine from its violet colour 
(uoSi/f), &C. The following is a list of the elements, 
leaving out one or two very unimportant ones. The 
symbol that follows them will be explained imme- 
diately. 



Hydrogen 


H. 


Strontinm - Sr. 


Tmigcten (wolf- 


Oxygen - 


o. 


Calcium- . Ca. 


ram) . - W. 


Chlorine - 


CL 


Magnerium . Hg. 




Bromine - 


Br. 


Aluminum • Al. 


Tantalum - Ta. 


Iodine - 


I. 


GIudDum . G. 


Chromium - Cf. 


Fluorine - 


F. 




Vanadium - V. 


Sulphur - 


S. 


Thorium - Th. 


Uranium - U. 


Selenium 


Se. 


TeUurinm - T. 


Auram (gold) - Au- 


Fbocphomi 


P. 


Cerium - - Ce. 


Iridium - - Ir. 


Nitrogen 


N. 


Lanthanium - Ln. 


Osmium - - 0«. 


Boron - 


B. 




Platinum - PI. 


Silicon - 


Si. 


Ferrum (iron) - Fe. 


Stannum(tin) - Su 


Carbon - 


c. 


Cuprum (copper) Cu. 


Plumbum (lead) PI. 


Kalium(potaniim 


OK. 


Titanium . Ti. 




Natron (lodhim) 


Na. 


Arsenicum - Ar. 


ArgeDtum(silTer) Ag. 


Utbiom- 


Li. 


Stibium (antimo- 


Palladium . Pd. 


Barium . 


Ba. 


ny) - - St. 


Rhodium - R. 


It will be 


obser 


ved that the abov 


e names are more 



Latin than English, and that the symbols are in- 
variably taken from the Latin name. The reason 
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alleged for this is that it insures a universal chemical 
language. It is only when employing symbols, how« 
ever, that this rule is rigidly adhered to, and when 
the words are written at full length the vernacular is 
used. Thus, iron, lead, and gold, are so termed, and 
not ferrum, plumbum, and aurum. 

The metallic elements all end in um, and the only 
non-metallic body that has this termination is selenium. 
The three elements that end in on — boron, silicon, and 
carbon— are analogous in their chemical relation. So 
also are the four that end in ine — chlorine, iodine, 
bromine, fluorine — in theirs. No community of 
chemical properties is meant by the termination gen; 
and sulphur and phosphorus are names given to 
these elements before the present system was called 
into existence. This also is the case with many of 
the metals, and the whole of these bodies are named 
quite arbitrarily. 

The names of compound bodies are not arbitrary 
at all, and are intended to indicate not only the class 
to which they belong, but their composition also. 

All these compound bodies may be arranged into 
three classes. 1st, that of binary compounds, the 
members of which are composed of two elements only, 
as water, composed of oxygen and hydrogen ; sulphuric 
acid, of sulphur and oxygen; or common salt, of 
chlorine and sodium : 2nd, that of ternary compounds, 
the members of which consist of three elements, as 
chalk, which is composed of carbon, oxygen, and cal- 
cium : and, 3rd, that of quaternary compounds, the 
members of which essentially consist of four ele- 
ments. 



r 
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Among the binary compounds m faremost poation 
mast be givoi to tke unions formed by the elem^itaiy 
bodies and oxygen. Of these, two great divisicHis 
exist: those which are acids, i. e. reddoi Tegetable 
blues, taste sour, &c ; and those which do not possess 
these properties, and which are denominated oxides. 

Many elementary bodies unite with oxygen in more 
than one proportion. When this is the case, the 
different oxides are named as follows : the oxide con* 
taining one atom of oxygen with one atom of the other 
elementary substance that combines with it, is called the 
protoxide (firom nrpvrrisyJirU, or head)\ if, as is some- 
times the case, there is a umon formed in which 
two atoms of the element unite with one of oxygen, 
this compound is termed a suboxide ; if one atom of 
the element unite with two of oxygen, the compound 
is the deutoxide; if with three, the tritoxide; and 
if with four, the quadroxide. 

Deutoxide simply means the second oxide. If this 
deutoxide contain twice as much oxygen as the prot- 
oxide, it is often called the binoxide, from the Latin 
bisy twice. And sometimes the compound that con- 
tains the greatest quantity of oxygen is named 
the />eroxide, from per^ which signifies superiority 
or perfection. 

We may illustrate the above. One atom of copper 
miites with one of oxygen, and forms the black oxide 
of copper. This is named the protoxide. Two atoms 
of copper also unite with one of oxygen, and form 
another compound called the red oxide of copper. 
This is, of course, the suboxide of the chemists. One 
of the oxides of iron, again, contains two atcmis of 
o 2 
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iron united with three of oxygen*, and as this is the 
oxide of iron richest in oxygen, we may call it the 
peroxide. 

If the compound formed by the union of any ele-' 
mentary body with oxygen be acid, the word acid is 
added to that of the other body, to which also ic is 
appended. Thus, sulphuric acid means a compound 
of sulphur with oxygen that possesses acid properties. 
Sometimes, however, the same element unites in 
different proportions with oxygen, forming different 
compounds, all of which are, moreover, acid. In this 
case, that which contains less oxygen than the acid 
that ends in ic is called the acid ending in otis. For 
example: sulphur forms an acid with oxygen that 
contains less of the latter than sulphuric acid does, 
and this is therefore named the sulphurous acid. A 
few elements, however, as is the case with sulphur, 
form with oxygen more than two acids. In such cases 
the Greek prefixes, {rrroy hypo, and virspy hyper (under 
and over\ are employed and prefixed to the names 
just mentioned. Thus, there is an acid of sulphur 
containing less oxygen than the sulphurous, and 
this is called the hyposulphurous acid ; and there is 
another that contains more oxygen than the sulphu* 
rous, although less than the sulphuric, and this is 
named the hypersulphurous acid, or the hyposulphuric. 

Sometimes, too, the acid that contains the greatest 
quantity of oxygen is named the per-acid : thus, chlorine 
forms with with oxygen four acids — the hypochlorous 
acid, the chlorous, the chloric, and the hyperchloric 
or perchloric acid. 

** See the oxides of iron enumerated at p. 196. 
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Binary compounds of the following substances are 
named as fofiows : — 

Thoi« oC Chlorine, form Chlorides. 

Iodine, „ Iodide*. 

' Bromine, „ Bromidet. 

Fluorine, „ Fluorides. 

Sulphur, „ Sulphureu. 

Carbon, „ Carburets. 

Phosphorus, „ Phosphurets, fte. 

In order to distinguish between different chlorides, 
sulphurets, &c. of the same element^ Greek prefixes 
are used, as in the case of the oxides. Thus we have 
protosulphurets and deutosulphurets, and if any of the 
latter contain twice as much of the sulphur, &c., as 
the former, it is often called the bi-sulphuret, and so on. 

When a non-metallic element is united with a me- 
tallic one, the compound is always named, as above, 
iodide of sulphur, sulphuret of iron, and the like ; 
but when two non-metallic elements unite together, 
it is somewhat difficult to tell which name to put 
first Chlorine and phosphorus unite together, and 
it may be doubted whether to call it chloride of phos- 
phorus or phosphuret of chlorine. It is of very 
little consequence which of the titles we bestow upon 
it, but the one is put first which the chemist thinks 
upon the whole stands highest in the scale. 

The compounds of arsenic and tellurium are named 
arseniurets and tellurets, because these metals in 
their chemical relations very much resemble sulphur, 
phosphorus, and other non-metallic elements. But 
the compounds that the other metals form with one 
another, or alloys, as they are called, receive no 
special chemical name save that if they contain mer 
cmy as a constituent they are styled amalgams. 

G 3 
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When Layoisier prepared his system of nomen- 
clatare^ he believed that all acids essentially con- 
tained oxygen. This, however, is now known to be 
incorrect. Hydrogen and sulphur, for example, form 
binary compounds that are acid. When this is the 
case, the prefix hydro or sulpha comes before the 
name of the oxacid. Thus, sulphuric acid means an 
acid compound of sulphur and oxygen, while hy- 
drosulphuric acid implies that acid compound that 
contains no oxygen, but which consists of sulphur 
and hydrogen. 

The union of two primary compounds forms a se- 
condary one. The names most frequently employed 
regarding these are acid, base, and salt. A base is a 
substance that, combining with an acid, forms a com- 
pound of which it is, as it were, the basis. The com- 
pounds thus formed receive the name of salt, because 
in external character they resemble common salt» 
The term salt is now, however, extended to many 
binary compounds, as to iodides, chlorides, &c. 

It will be observed that an oxacid never combines 
with a simple body, but always with a compound 
one, and which is invariably an oxide. Thus, sul- 
phuric acid (which is composed of sulphur and oxy- 
gen) can form no union with magnesium ; but with 
magnesia (which is composed of magnesium and oxy- 
gen) it can, and does, forming sulphate of magnesia> 
or Epsom salts. 

As, however, the acid and the base, the imion of 
which forms oxysalts, have a common constituent^ 
namely, oxygen, these salts are made up of three 
elements only* They are always named, however^ 
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as if the acid was, although combined with, yet dis- 
tinct from, the base. 

The nomenchitare of salts is very simple, and at 
the same time expressive. If thej contain an acid 
that terminates in ic, the name of the salt ends in ate. 
Thus, all salts formed by sulphuric acids are called 
sulphates ; by phosphoric acid, phosphates ; by nitric 
acid, nitrates ; and so on. If the acid ends in ous, 
then the salt terminates in ite. In this manner, the 
salts formed by nitrous, phosphorous, and sulphurous 
acids, are denominated nitrites, phosphites, and sul- 



It is common, for the sake of brevity, to say sul- 
phate of iron, nitrate of copper, &c Such expressions, 
however, are quite erroneous, as no such compounds 
exist. It ought to be sulphate of oxide of iron, ni- 
trate of oxide of copper. However, certain oxides were 
familiarly known and received names before it was 
known that they were oxides. The oxide of sodium 
was, for instance, called soda ; and that of calcium, 
lime. It is quite allowable to continue the use of 
these names, and, in place of saying sulphate of ox- 
ide of calcium, to abbreviate it into sulphate of lime. 

The same acid often combines in more than one 
proportion with a base. In this case numerical pre- 
fixes are employed, in the same manner as in the in- 
stance of the binary compounds. Thus, there is the 
carbonate of soda, every atom of which contains one 
atom of carbonic acid and one of soda ; and also 
the bicarbonate, every atom of which contains two 
atoms of carbonic acid. Sometimes, again, the base is 
in excess, and then the Greek numerals dis, tri^ &c., 

O 4 
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are prefixed. Thus, there is the disulphate of oxide 
of zinc, every atom of which has two of base and one 
of acid. Of late, it has become customary to call 
these compounds bibasic, tribasic^ &c. The salt just 
referred to would, according to this nomenclature, 
be the bibasic sulphate of zinc* 

Acids containing hydrogen, &c., instead of oxygen, 
have their last syllable changed in the same manner. 
The nomenclature of the salts that they form, to- 
gether with some other additional laws of chemical 
nomenclature, will be noticed afterwards. 

Quaternary compounds generally consist of two 
salts united together, each containing the same acid. 
Thus, common alum is a compound of sulphate of 
alumina and sulphate of potassa. In such a case the 
acid is only expressed once, and this substance is 
called sulphate of alumina and potassa. Sometimes, 
however, more complicated quaternary compounds 
are formed, and then there is nothing for it but ex- 
pressing their names at their very full length. Such 
compounds, however, are rare and unimportant; and 
even were they not so, no practical inconvenience is 
. felt, owing to the system now universally adopted of 
chemical notation. 

In the list of elementary substances at p. 81. a letter, 
or two letters, will be observed to follow each name. 
When one letter only occurs, it is the initial of the 
name; and when there are two, the second one is either 
the second letter of the word, or some other one of it 
These are called symbols, and are used not only to 

* For a further explanation of the meaning of these expres- 
uons see pp. 142, 143, &c. 
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denominate the name of a substance, but also its 
atomic weight Thus, O not only means oxygen, 
but one atom of it If we wish to express three 
atoms of oxygen or five atoms of nitrogen, we write 
30 and 5N. 

When it is wished to express compounds, the sym- 
^Is jDf their elements are written with + between 
them. Water, for instance, is composed of one atom 
^^ oxygen united to one of hydrogen, and is there- 
fore written H-f O. Nitric acid is a compound, 
each atom of which consists of one atom of nitrogen 
united with five atoms of oxygen, and it is therefore 
written N -f 50. Potassa is composed of one atom 
of potassium and one of oxygen, and is therefore 
written K + O. Nitrate of potassa consists of one 
atom of potassa and one of nitric acid. The follow- 
ing formula would then indicate its composition : — 
K-fN+60. But this does not tell us how much 
oxygen is united with the potassium, and how much 
with the nitrogen, and we therefore enclose in brack- 
ets the symbols of those elements that are supposed 
to be united, and unite them thus : (K + O) + 
(N+50). A number placed on the outside of a 
bracket indicates the number of atoms of the sub- 
stance contained within it For example : (K+0) + 
(S + 30) is sulphate of potassa, and (K + O) + 2 
(S + 30) is bisulphate of potassa. 

Sometimes, in the case of binary compounds, the 
+ is scarcely necessary, and water, for instance, 
may be written either H + O, or HO. 

In writing the symbols of binary compounds the sub- 
stance least resembling oxygen is usually written first 
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Sulphuric acid, for example, is not written 30 4- S, 
but S + 30. In like manner, in the formulae of 
oxysalts the symbol of the base always goes first, — 
sulphate of potassa not being written (S + 30) + 
(O + K), but (K + O) + (S -f 30). The reason 
of this regulation is, that the symbols express not 
English but Latin words, and the construction of the 
Latin language requires that the genitive precedes 
the nominative that governs it 

The above very simple system of notation is the 
one that will be employed in the following pages. It 
is proper, however, to mention some modifications of 
it now often employed. 

It is common to dispense with brackets, and to de- 
note the number of atoms of an element by a figure 
following it. In this manner, nitrate of potassa is 
written KO, N05. The degree of oxidation is often 

expressed by dots over the symbol, every dot re- 

» ... 

presenting an atom of oxygen. H is water, S 

sulphuric acid, according to this plan. Sulphur 
is sometimes represented in the same manner, a 
comma being substituted for the dot Other modi- 
fications too are used, but may here be omitted. 
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CHAR V. 

LAW OF GASEOUS VOLUMES. 

It was proved by Gay Lussac that there exists a re- 
lation between the atomic weight of gases (or vapours) 
and their volumes. This is of considerable practical 
importance in the laboratory, as it is much easier to 
measure than to weigh a quantity of gas. The usual 
manner of collecting gases is in round glass 
vessels, similar to jig. 20. marked with lines '^*^- ^^' 
indicating how many cubic inches of gas 
the vessel, or different portions of it, can cqn- 
tain. This is filled with water or mercury, 
as the case may require, and inverted into a 
pneumatic trough, also filled with water or 
mercury. The gas is then passed up through 
the water or mercury, and displaces it, or a 
portion of it. The number of cubic inches 
of gas is then easily ascertained by looking 
at the mark at the line where the gas and 
water meet. 

Gases expand and contract according to the tem- 
perature and the pressure of the atmosphere. In ex- 
perimenting upon them it is therefore necessary that 
both these be at some fixed and uniform rate. It is 
usual to select the temperature of 60°, and a pressure 
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of the atmosphere indicated by the mercury in the 
barometer standing at 30 inches. 

If we take eight grains of oxygen (8 is the 
atomic weight of oxygen), and introduce it into the 
graduated jar, we can easily ascertain how many 
cubic inches it occupies. If we then take thirty- 
two grains of phosphorus (32 is the atomic weight 
of phosphorus), and reduce it to vapour, we find 
that it occupies exactly the same number of cubic 
inches as the eight of oxygen do. Or, if we take 
seventy-five grains of arsenic (75 is the atomic 
weight of arsenic), and vaporise it, it also is found 
to fill precisely the same space as either eight grains 
of oxygen or thirty-two of phosphorus. 

As far as regards the volume of an atom of gas, 
oxygen is taken as the standard, and its property in 
this respect is denoted by a symbol consisting of a 
square, D- Against the names of all other sub- 
stances that agree in this respect with oxygen we 
make a similar symbol, and thus save unnecessary 
repetitions of the fact. 

Some substances, however, do not yield volumes 
identical with that of oxygen. If we take one grain 
of hydrogen (1 is the atomic weight of hydrogen), 
it is found to occupy twice as much space as the 
eight grains of oxygen. Indeed, this was noticed to 
be the case in the decomposition of water noticed in 
the Introduction. Water is composed of an atom of 
oxygen and an atom of hydrogen, but when the two 
are separated the hydrogen occupies twice the space. 
This is because its specific volume is to that of oxy- 
gen as 2 to 1. Substances agreeing in this respect 
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with hydrogen have this property represented hy the 
symbol JTH . 

All the elementary bodies give a volume equal 
to that of either oxygen or hydrogen- Some of 
the compound ones^ however, give volumes four 
times that of oxygen, and this is denoted by four 

squares ^h. 

The practical application of this very curious law 
will now be evident. If we wish to form a com- 
pound by combining its elements that exist in a 
gaseous form, we do not weigh them, but ascertain 
their specific volume, and measure them accordingly. 
If, for example, we wish to synthetically form water, 
we take one volume of oxygen and two of hydrogen, 
and transmit the electric spark through the mixture- 

When gases combine with one another the volume 
of the compound is sometimes the sum of the vo- 
lume of the gases forming it; but in general there is 
condensation, and the volume of the compound is less 
than that Thus, two volumes of hydrogen and one 
of oxygen form only two volumes of steam. The con- 
densations that occur, however, are very simple ones, 
and the combining measures of compound gases are 
always either the same as those of elementary bodies 
or multiples of them. 
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CHAR VI. 



THE NON-MKTALLIC ELEMENTS AND THEIB BINART 
COMBINATIONS. 



I. HXDBOGEN. 

From an early period in the history of chemical 
science, gases were known that were characterized 
by being inflammable on contact with flame. After- 
wards, two kinds of inflammable gases were recog- 
nised — heavy and light This latter was then 
named phlogiston, from the opinion that it was the 
essence of heat. It was first minutely examined by 
Cavendish, nearly a century ago, and pronounced an 
elementary substance. It received its present name, 
vScDp, water, and yewdayy to generate, from the French 
school, on account of its being an essential constituent 
of water. 

It never in nature exists alone, but is present in 
very great quantity, combined with several other 
elements, in the structures of animals and plants, and 
combined with oxygen in water ; and it is probable 
that, in the geological ages that preceded that in 
which living structures were created, all of the hy- 
drogen of the globe was contained in its water and 
its watery vapour. It is from water that the che- 
mist now obtains it 
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Two modes are commonly followed. One of them 
consists in passing steam over red-hot iron, as shown 
in jig. 21., in which a is a retort containing water 
made to boil by the lamp underneath it The steam 
proceeding from this enters the iron tube h c, which 
is filled with iron wire, and kept red-hot by means 
of the furnace placed around it ; ^ is a tube leading 
from this to the pneumatic trough, and through 
which the gas flows freely. The rationale of the 
process is clear. The iron wire is in a metallic state, 
and consists of pure Fe. The watery vapour con- 
sists of 8 0+ IH; and as it is passing over the 
red-hot metal, the O unites with the Fe, and forms 
oxide of iron, or FeO. The disengaged H then passes 
along the tube. 

Fig, 21. 




This mode of decomposing water is, however, a 
troublesome one, and hydrogen is more conveniently 
procured by pouring water and some sulphuric acid 
into a flask into which a number of small bits of zinc 

"* The proper proportion is eight parts of the water to one 
of acid. 
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or iron have been introduced. A bent tube perforates 
the cork of this flask, and leads to the pneumatio 
trough. A violent effervescence immediately begins, 
and hydrogen gas is rapidly evolved and collected 
into a suitable vessel at the pneumatic trough. 

The decompositions that take place are as fol- 
lows : — 

Hatetial* amploycd. RamltliiK Products. 

1 .tom, 9 Water [gj^^f°_ J * Hydrogen. 

1 atom, 28 ^^nn __ ■ , 

I Atom, 40 Sulphuric acid I^^^^ 75 Sulphate of oxide 

of iron.* 

Hydrogen gas prepared in this manner is never 
quite pure, as both the iron and zinc of the shops 
sdways contain carbon, a little of which comes over 
with it. But for ordinary purposes it is pure enough. 

Hydrogen, when imcombined, is always a gas, no 
artificial means having yet liquefied it. It is without 
colour, taste, or smell. It is the lightest of all sub- 
stances, being nearly fifteen times lighter than air, 
fifty cubic inches of it only weighing one gi*ain. 
Hence, of all substances, it is the most suitable for 
filling balloons, and the first gas-balloons were filled 
with it. But as the gas which we use to illuminate 
our towns with is, although a great deal heavier 
than hydrogen, lighter than atmospheric air, bal- 
loons in this country are now made much larger than 
a hydrogen balloon need be, and filled with it. 

Hydrogen cannot support combustion, although, 
when in the presence of air or oxygen, it is very 
inflammable. But its relations to flame must be 

* The sulphate of oxide of iron remains in the flask. 
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deferred until we bare become aoqnaiiited with ozy« 
gen and carbon. 

Its atomic weight is 1, its symbol H, its density 
69*26^ and its oombimng measure two Tolomes m 



n. OZTGEK. 

Oxygen was discoyered in 1774^ by Dr. Priestley, 
and was by him named dephlogisticated air. A year 
or two afterwards, Scheele, who was quite igno- 
rant of what Priestley had done, also discoyered it, 
and called it empyreal air. Its present appellation, 
oxygen, was giyen to it by Layoisier, and is deriyed 
from o^9 acid, and ysvycua to genercOe, because he 
considered it the sole cause of acidity. We now 
know, howeyer, that there are acids that do not con- 
tain any of it. 

Oxygen is the most widely diffused of all the ele- 
ments. One fifth of the air, eight ninths of water, 
and about one half of the rocks, and of the structures 
of animals and plants, consist of it. 

Occurring so abundantly as it does, the chemist 
experiences no difficulty in separating it iu a pure 
state. Usually he disengages it from some oxide or 
salt containing it, by applying heat Priestley, when 
he discovered it, employed oxide of mercury. On 
applying heat to this substance, it separates into 
metallic mercury and oxygen, its two constituents. 
Oxide of mercury, however, is far too expensive for 
being extensively employed, and another salt, the 
chlorate of potassa, is the most suitable substance for 

VOL. I. H 
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supplying oxygen. If a little be put at the bottom 
of a tube, as in^^. 22., having a smaller one fitted 
into it by means of a cork, and a spirit lamp applied 

Fig, 22. 




to the tube, the salt quickly melts ; it then begins 
to effervesce, owing to the oxygen it contains sepa- 
rating in bubbles. What remains in the tube is a 
salt, and the whole of the oxygen passes away through 
the smaller one into the receiver as a colourless in- 
visible gas. Its presence, however, may be proved 
by thrusting into the tube a piece of wood with a 
red-hot top, which will immediately burst into a full 
flame. 

The change that takes place in this process is 
very intelligible. Besides oxygen, chlorate of potassa 
(K0) + (Cl + 50) contains chlorine and potassium. 
When it is heated, the six atoms of oxygen are given 
off, the chlorine and potassium unite together, form- 
ing chloride of potassium, KCL 

When we wish to obtain oxygen in large quantities, 
we employ a retort or flask in place of a tube, and 
collect it in jars at the pneumatic trough. The whole 
apparatus for this purpose is extremely simple, and 
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is %ured mfig. 23. ; a is a box or trough*, with a 
beehive shelf in it, having a hole at the top, and a 
hole at the side — when it is used, water is poured 
in until the shelf is covered ; — c is a jar which has 

Fig, 23. 




been filled with water and inverted over the hole in 
the top of the chest ; (2 is a flask containing chlorate 
of potassa ; and e a tube coming from it through the 
side hole in the shelf, and terminating just under- 
neath the top hole. When the heat is applied to the 
flask by the lamp 6, the separated oxygen passes along 
the tube, and, being lighter than the water, ascends 
into the jar, displacing the water. This goes on 
until all the water is displaced from the jar, which 
is now full of oxygen. We then slip this jar of 
oxygen into a little tray containing water, and ex- 
amine its properties and experiment with it at our 
leisure. 

* The one figured is Griffin's, made of stoneware^' 

H 2 
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Oxygen has neither taste, colour, nor smell, and, as 
it is transparent, it is invisible. It is a little heavier 
than common air in the proportion of about 11 to 10. 
Uncombined it is always gaseous, no amount of cold 
or pressure being able to liquefy it. It unites most 
abundantly with most of the other simple substances, 
and can be made to unite with every one of them. 
These compounds are called oxides or acids. The 
latter are those compounds of it that have a sour 
taste, change vegetable blues to red, and vegetable 
brown to yellow, and form salts by combining with 
bases. Oxides want all these characters, and many 
of them are basic, L e. unite with acids to form salts. 
The act of combining with oxygen is called oxidation, 
and a body so acted upon is said to be oxidated. 
Sometimes this oxidation takes place slowly, as when 
iron combines with the oxygen of the air, or becomes 
rusty ; but upon other occasions it is produced 
with great rapidity, and attended by the evolution 
of heat and light. For example, ordinary combus- 
tion is nothing else but rapid oxidation. 

Oxygen is necessary for the respiration of all ani- 
mals. Indeed, when we come to Book III. we shall 
find that respiration is a slow oxidation of the fat of 
the body. It is necessary, however, that the oxygen 
for this purpose be diluted as it is in the atmosphere. 
If pure oxygen be taken into the lungs, the oxidation 
goes on too rapidly, approaching to combustion, and 
an animal that so breathes it soon dies. 

All substances that are capable of burning in 
the open air do so with far greater brilliancy in 
oxygen. A piece of wood with the least spark upon 
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it^ introduced into a jar of oxygen, immediately 
bursts out into a brilliant flame, and phosphorus ig- 
nited amid oxygen bums with a flame so brilliant 
that the eye can scarcely endure to behold it. Even 
iron wire bums with great brilliancy in this element* 

Two results always happen in these cases of com- 
bustion, — the oxygen in the jar disappears, and the 
substance burned increases in weight ; it has, in fact, 
become oxidated. Combustion, it must be remem- 
bered, is the same phenomenon, whether occurring in 
the open air, or in pure oxygen, inasmuch as air is, 
as we shall afterwards see, essentially diluted oxy- 
gen, and combustion in the two differ in degree only, 
and not in kind. It may seem strange to say, that 
the heated body by burning increases in weight. 
And yet it is quite true ; and if we took a candle, 
weighed it, burnt it, and collected the gases that fly 
off, we should find that they exceed in weight the ori- 
ginal weight of the candle. Moreover, if we managed 
the combustion in a closed jar, or the like, and 
weighed the quantity of the oxygen that it contained 
before and after the combustion, we should find that 
the weight gained by the candle was exactly equi- 
valent to the weight lost by the oxygen. 

Although, when a body is rapidly oxidated, heat 
and light are evolved, it is proper to bear in mind, 
that the same results are produced during other 
chemical processes. Thus phosphorus, nay, even 
copper, will bum in chlorine, potassium take fire in 
cyanogen, and stdphur and iron filings, when heated 
to the melting point of the latter, emit intense heat 
and brilliant light. Nevertheless, in the common 

H 3 
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meaning of the term^ the word combustion means 
the rapid oxidation of combustible matter^ attended 
by the evolution of heat and flame. And, as we 
shall afterwards have occasion to notice, the com- 
bustible matter is almost invariably one rich in the 
elementary substance called carbon. 

We may here consider the properties of hydrogen, 
the element before noticed, with regard to flame. 

Hydrogen cannot support combustion; and if a 
lighted candle be put into a jar of it the light is 
at once extinguished. Itself, however, if in the pre- 
sence of air (or oxygen), and ignited, bums with a 
very pale yellow flame of remarkably little illumi- 
nating power, but which gives out a most intense heat. 
The result of the burning the hydrogen in the air (or 
oxygen) is the formation of water; and for every grain 
of hydrogen that is burned nine of water are pro- 
duced. That is to say, every grain of hydrogen that 
is burned unites with eight grains of oxygen to form 
water, the result being, of course, nine grains of that 
compound fluid. 

If, however, the hydrogen be not ignited at a jet 
where it is unmixed with oxygen, but if, before the 
light be applied, either some of that element or air 
be mixed with it, instead of burning, the mixture vio- 
lently and all at once explodes, the explosion being 
preceded by a sudden flash of light, and attended by 
a loud noise. The cause of the noise is probably 
the concussion of the air occasioned by the sudden 
formation of water, which water, by the great heat 
that is present, is immediately converted into steam. 

It is a curious fact, that if oxygen and hydrogen 
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Fig, 24. 



be mixed together in a jar, they may be preserved 
for any length of time without combining. The ap- 
plication of flame, as in the above instance, however, 
immediately produces their union (forming water), 
and so does the transmission through the mixture of 
an electric spark. There is another substance that 
most remarkably facilitates the oxidation of hydro- 
gen, although it is impossible to explain its action. 
That substance is spongy platinum, the general pro- 
perties of which will be mentioned hereafter. This 
power of spongy platinum has been applied to the 
construction of a philosophical toy, — Dobereiner's hy- 
drogen lamp, fig. 24., which illustrates the property 
in question. In it a is a piece of 
spongy platinum covered with 
paper; b a stop-cock moved at 
will by the crank c ; the vessel ▲, 
from which this stop-cock pro- 
ceeds, contains water, sulphuric 
acid, and zinc c2, and therefore 
generates hydrogen. On turning 
the stop-cock, the hydrogen rushes 
out, and mixes with the oxygen 
contained in the air about the 
platinum; the two immediately combine, and as 
much heat is evolved as serves to light the piece of 
paper. 

Although the flame of burning hydrogen is but 
little luminous, yet the strongest artificial light that 
we can produce is obtained by introducing into its 
flame some infusible substance that it may raise in 
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temperature. Quicklime is generally employed for 
this purpose, and the hydrogen is kept in full com- 
bustion by means of throwing in a jet of oxygen. 
The heat thereby produced is so great, that the lime 
becomes so incandescent as to almost rival the sun. 
At night a ball of lime thus heated is visible for 
nearly a hundred miles. 

A modification of this experiment is used in the 
oxyhydrogen blowpipe. Before the flame of this, 
pipeclay, steel, copper, and all the ordinary metals 
are at once melted, and even the most obdurate of 
the metals, platinum, yields to its intensity. It is 
essentially composed of two jets, one leading from a 
gasometer containing oxygen, and the other from one 
containing hydrogen, care being taken that the two 
are immediately united together and do not form a 
mixture before the flame is applied, in which case an 
explosion would take place that would probably be 
fatal to all near. 

Its atomic weight is 8, its symbol O, its density 
1105, and its combining measure 1 volume D. 

Compounds of Oztqen ihth Htdhoobk. 

These are two, namely : — 

1. Water. Properly speaking, water only occurs 
in the laboratory of the chemist, the water of nature 
containing, in addition to it, many other substances 
derived from the inorganic and the organic worlds. 
The consideration of water is therefore deferred to 
an after part of this work. One or two of its pro- 
perties must, however, be noticed here. It is the 
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standard of densitj for fluids. Each atom of it is com- 
posed of one of oxygen and one of hydrogen^ and it 
nnites with many other snbstaaces ; sometimes in al- 
most any proportion^ as in cases of conmion solution, 
but at other times in fixed definite proportions, ac- 
cording to its atomic constitution. When it forms 
this latter class of compounds, the term hydrate is 
applied. 

Its atomic weight is 9, its symbol H O (or often 
Aq, from aqua), its density 1000. 

2. Peroxide or binoxide of hydrogen. This com- 
pound was discovered by Thenard in 1818, and 
could a cheap supply of it be obtained, would, doubt- 
less, be of great service in the arts. Its preparation, 
however, is very di£Scult and costly, and, moreover, 
it is decomposed when exposed to a temperature of 
more than 59^ It possesses very great bleaching 
properties. 

Its atomic weight is 17, and its symbol H+20. 



m. Chlorine. 

This elementary substance was discovered by 
Scheele in 1774, and was by him considered a com- 
pound body, and named dephlogisticated marine acid. 
The French chemists subsequently named it oxy- 
muriatic acid, from an idea that it was a compound of 
muriatic acid and oxygen. Gay Lussac and Thenard 
suspected its elementary nature ; but the discovery of 
such was reserved for Davy, and it was he that gave 
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it the name it now bears^ chlorine^ from 'xKiopos, 
greeUf owing to the green colour of its vapour. 

Chlorine exists abundantly in nature^ generally 
combined with sodium^ forming chloride of sodium 
or common salt This compound is present iq im- 
mense quantities in the waters of the ocean, forms 
large mineral deposits, and is to be found in every 
soil and in the structure of almost every animal and 
plant Chlorine likewise exists, but in less quanti- 
ties, in other combinations. 

On a small scale and for examination in the labo- 
ratory, chlorine is most conveniently obtained by 
decomposing hydrochloric acid by means of peroxide 
of manganese. If these substances are introduced 
into a retort, chlorine is immediately evolved, and in 
still greater quantities if heat be applied to the retort 

The nature of the change that takes place is very 
simple. The composition of the two substances and 
of the products obtained from them is as follows : — 
The composition of the substances is first put down. 

Manganese - 27 or 1 atom Mn. Chlorine* 70 or 2 atoms 
Oxygen - 16 or 2 atoms 20 Hydrogen 2 or 2 atoms 



Perox.ofman- 43 or 1 atom Mn 20. Hydrochlor. 72 or 2 atoms 2(01 H.) 
ganese acid 

The results are — 

SSI" : : S ^'4l^r l^ chorine. 35.1 atom. 

Chloride of manganese 63 Water - 18 2 atoms. 

The chloride of manganese and the water remain 
in the retort, and the one atom of chlorine that is 
liberated passes in a gaseous form into the receiving 
jar. It happens that cold water absorbs about twice 
its weight of chlorine, and hence that fluid cannot 
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be used in the pneumatic trough. Generally speak- 
ing, when water absorbs a gas^ the chemist collects 
that gas over mercury; but for collecting chlorine 
mercury is more objectionable than water^ inasmuch 
as chlorine and mercury combine together and form 
calomel. Warm water, however, does not absorb 
chlorine, and, therefore, this element is collected in 
bottles containing water heated to about 90^ 

There is no necessity, however, for using a pneu- 
n^atic trough at all in collecting chlorine. If, as in 
Jig. 25., the tube from the flask containing the acid 

Fvg, 25. 




and the manganese be brought to the bottom of a dry 
flask as a, the chlorine being much heavier than the 
air pushes out the air, just as water poured in would 
do. The colour of the gas allows us to see quite well 
when the flask is full. The flask's mouth should then 
be closed with a well-ground glass stopper. 

Chlorine has a greenish-yellow colour and a pecu- 
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liar marine smell. Breathed in any quantity it is one 
of the most suffocating of the gases, exciting violent 
spasm and irritation of the glottis. Diluted^ it has no 
such effectj and consumptive patients are sometimes 
ordered to inhale it. Under the pressure of four 
atmospheres it becomes fluid. This fluid chlorine is 
of a bright yellow colour, which does not freeze on 
being exposed to the cold of zero, and which rapidly 
becomes a gas again whenever the pressure is taken 
away. 

As mentioned, cold water absorbs twice its volume 
of it, and a solution made by passing chlorine through 
cold water possesses the colour, taste and most of 
the properties of the gas itself. This solution, when 
heated, parts with its chlorine. 

Light has no action upon diy chlorine ; but if water 
be present the chlorine decomposes that fluid, and 
unites with its hydrogen, forming hydrochloric acid, 
and liberating oxygen. This decomposition takes 
place most rapidly in bright sunshine, and not at all 
in the dark. Hence it is necessary to keep moist 
chlorine gas, or its aqueous solution, in the dark. 

Chlorine is a supporter of combustion. Strange 
to say, however, the substances, L e. those rich in 
carbon, that bum so vigorously in oxygen (the sup- 
porter of combustion proper), scarcely burn at all in 
chlorine. If a lighted candle, for instance, be plunged 
into chlorine, it bums for a very little with a pale 
blue flame and then goes out. In this case none of 
the carbon is consumed, but is all deposited as char- 
coal. Phosphorus takes fire in it spontaneously, and 
so do many of the metals, as copper, tin, &c., if intro- 
duced into the chlorine in the state of powder or fine 
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leaves. In all these cases the combustible substances 
unite with chlorine. 

The affinity of chlorine for hydrogen is very great ; 
and the two gases^ if mixed together and exposed to 
the lights unite. As just stated^ chlorine in this 
maimer decomposes water, and indeed it decompose? 
almost every organic substance containing hydrogen 

From this last-mentioned property of chlorine, it 
is the best substance that we possess for removing 
noxious effluvia and putrid odours. It decomposes the 
water that these contain^ unites with its hydrogen, 
and the oxygen that is set free oxidises the organic 
matter. In this manner the composition, and there- 
fore the peculiarities of, the noxious effluvias are 
changed. It has been supposed that it can also 
decompose contagious miasmata, but this is by no 
means certain. 

But the most valuable property that chlorine pos- 
sesses is its power of thoroughly removing all ani- 
mal and vegetable colours. But the consideration of 
this action is deferred until Book III., where the 
colouring matters derived from the organic world 
will be noticed. 

The compounds of chlorine that are not acid are 
termed chlorides. 

Chlorine may be readily distinguished from all other 
substances by its bleaching property, and by the fact 
that a solution of nitrate of silver occasions in it a 
dense white precipitate, that becomes dark on expo- 
sure to the air, is insoluble in acids, but dissolves in 
ammonia. This substance is the chloride of silver, 
hereafter to be noticed. 

Its atomic weight is about 35, its density 2440, 
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its symbol CI, and its combining measure two yo^ 
lumes I I | . 

The composition of the compounds of chlorine de- 
scribed in this section are, — 

Atomic „ . . 

1. Hydrocklorie oestf-Chlorine 35-1 atom+Hydrogen 1, latom b36 H+Cl. 

% HypocMorout acid do. do. do. + Oxygen - 8, 1 atom =43 CI+O. 

Z.Chtorotuacid - do. do. do. +Oxygen -32, 4 atoin8s67 C1+40. 

4. Chloric add - do. do. do. +Oxygen -40, 5 atoro8s75 C1-I-50. 

5. Perchloric acid • do. do. do. + Oxygen - 66, 7 atomisSl Cl+TO. : 



1. Htdbochlobic Acid. 

This compound naturally exists in a gaseous state, 
but its solution in water has been known to the al- 
chemists and chemists for at least a thousand years. 
It has been at various times named spirit of salt, 
marine acid, and muriatic acid. Since its true nature 
has been known it has borne the name of hydro- 
chloric acid; but the best name for it would be 
chloride of hydrogen. 

As mentioned above, this compound is formed 
when hydrogen and chlorine are mixed together, and 
exposed to solar light, and also whenever chlorine 
comes in contact under the same circumstance with 
organic matter containing hydrogen. 

In the laboratory hydrochloric acid gas is ob- 
tained by the action of strong liquid sulphuric acid 
upon dried chloride of sodium. These ingredients 
are put into a retort, and the gas collected over 
mercury; or, as this gas is heavier than air, it 
may be conveyed along a tube after the fashion of 
chlorine mentioned at p. 107. 
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The decomposition that takes place is as follows : 

Ingiediaits OMd. Prodaetb 

1 atom of chloride f » **o° ^W®''"® • ^ :^^""M*i?.5.iZ2,''2; 

of sodium -W|,,. ,!_ . _ o. ^^^^ chloricaddae 



I atom sodiom - 

•ulphurlc acid 49 1 j^^^^ .ulphurlcadd - 40 ^1 atom lulph. 

soda 72. 

Hydrochloric acid thus obtained is a colourless, 
invisible gas, fuming in the air in consequence of its 
affinity for water, a substance that very rapidly ab- 
sorbs it It may be liquified by great pressure (40 
atmospheres). When it comes in contact with an 
oxide of a metal, as the oxide of copper, for instance, 
both are decomposed, the hydrogen and oxygen unite 
to form water, and the chloride of copper is produced. 
Its fumes are very destructive to both animal and 
vegetable life. It is of little or no use. 

Liquid muriatic acid is prepared in the labora- 
tory by mixing chloride of sodium, sulphuric acid, 
and water, and then distilling, the rationale of the 
action that takes place being very evident; or the 
commercial acid is purified. 

The common mode of making muriatic acid in 
commerce is to employ an iron or a stoneware pot 
set over a fireplace, having a stone head luted to it, 
which is connected with double-necked stone bottles, 
the last having a safety tube dipping into water ; see 
fig. 26. The ingredients employed are the same as 
those above mentioned. Carbonate of soda is now 
extensively made from sulphate of soda, the sulphate 
being formed by this process. Sometimes the hydro- 
chloric acid produced in this operation is preserved, 
but more generally it is allowed to run to waste, the 
demand for it being so small 
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Liquid hydrochloric acid varies in specific quan- 
tity according to its strength. The following table, 
taken from Thomson, exhibits the relative quantities 
of gas and water in specimens of diflferent specific 
gravity : — 



Specific OtaTity. 


RmI Add in 100 of 
the Liquid. 


Atoms of Add. 


Atoms of Water. 


1-203 


40 




6 


1179 


37 




7 


1162 


34 




8 


M49 


31 




9 


1139 


29 




10 


1119 


25 




12 


MOO 


21 




15 


1-078 


17 




20 



A strong solution of hydrochloric acid is, when 
pure (which the commercial acid never is), colour- 
less; when exposed to the air it emits white va- 
pours; it is intensely sour, reddens litmus paper 
strongly, and neutralises alkalies. It freezes at —60^ 
and if heated up to 110^ boils, that is, the gaseous 
acid separates. Some of the metals decompose it, 
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hydrogen gas being evolved, and a chloride being 
formed in solution. Several oxides and acids also 
decompose it, water and a chloride being pro- 
duced. 

Chemically, hydrochloric acid is distinguished by 
forming with nitrate of silver the same substance 
that chlorine does, while we know that it is not chlo- 
rine from the absence of bleaching properties. 

To the chemist, hydrochloric acid is a most im- 
portant substance, but it is little employed in the 
arts. 

The atomic weight of hydrochloric acid is about 
36, and its symbol H + CI. 

2. Htfochlobous ActD. 

This substance is prepared by putting into a 
bottle containing chlorine and water some powdered 
red oxide of mercury, corking the bottle and shak- 
ing it well. A portion of the chlorine combines with 
the mercury, and forms calomel, i. e. chloride of 
mercury, and the remainder unites with the oxygen, 
forming the acid under notice, and which dissolves 
in the water. 

This solution of it is yellow, with a strong chlorine 
colour, and it possesses very powerful bleaching pro- 
perties. It combines with bases to form salts which 
possess the bleaching qualities of the acid to a very 
great extent, and some of which, when we have con- 
sidered organic colours, will again occupy our at- 
tention. 

VOL. I. I 
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3. Chlobous Acid. 

This Is now often called hypocbloric acid. It is 
procured by the action of sulphuric acid upon chlo- 
rate of potassa, a compound alluded to when con- 
sidering the preparation of oxygen. It is a very 
explosive substance, and forms salts which possess 
bleaching properties ; but as neither it nor its salts 
are ever put to any practical use, we may be content 
to merely notice it and them. 

4. Chlobic Acnx 

Chloric acid is obtained by adding sulphuric acid 
to a solution of chlorate of baryta, upon which the 
insoluble sulphate of baryta falls to the bottom, leav- 
ing the chloric acid free. 

It possesses no bleaching properties, and is in itself 
of no consequence ; but it forms with potassa a salt, 
the chlorate of potassa, which ignites when rubbed 
against a hard substance with sulphur, and which con- 
stitutes the illuminating end of lucifer matches {see 
chlorate of potassa afterwards). 

5. Ferchlobic Acid. 

This may be obtained by decomposing perchlorate 
of potassa ; but as it is of no practical use, we may 
pass it over. It is distinguished by forming with 
potassa a salt little soluble in water. 
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IV. Bromine. 

This elementary body was discovered in 1826 by 
Balard of Montpellier. In its chemical properties it 
is very analogous to chlorine, the element m^itioned 
above, and to iodine, the element that will next oc- 
cupy our attention. It, too, in nature, is almost 
always found associated with one or both of them ; 
and this would seem to have been also the case in far 
earlier geological ages than our own. As yet, neither 
bromine nor its compounds have been put to practical 
uses ; but it is probable that they may be. 

The name is derived from fip&fiosy a rank smelly on 
account of its unpleasant odour. It exists, but in very 
small quantities, in sea water, in the form of either 
bromide of sodium or magnesium, particularly the 
latter ; in some mineral springs, and in some marine 
animals and plants. 

In this country bromine (which, however, is pre- 
pared in very small quantities, and is very dear) is 
extracted from sea water. The old-fashioned plan of 
obtaining common salt was to evaporate sea water, 
removing the crystals of salt as they were deposited. 
The mother water that was left was a dense oily 
liquid (containing all the marine salts except the 
chloride of sodium), called bittern ; and from this 
bittern bromine can be obtained. 

To do so, chlorine is sent through the bittern, which 
separates the bromine from the magnesium, and sets 
it free among the bittern, which it immediately tinges 
yellow. The liqiiid is then put into a retort and heat 

t 2 
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is applied, upon which the bromine distils over into 
the receiver. 

Bromine is the only element, with the exception of 
mercury, that is fluid at ordinary temperatures. Its 
colour is blackish red, its odour unpleasant, and its 
taste powerful. It is a poison. Its specific gravity 
is about 3^ At a little below zero it freezes, and 
then forms a brittle solid, and it boils at 116^ It is 
soluble in water, alcohol, and ether. It bleaches 
readily. A lighted candle introduced into its vapour, 
bums for a little, with a pale blue flame, and then 
goes out It corrodes the skin. Mixed with starch 
it forms a yellow compound. 

Its atomic weight is 78, and its symbol Br. ; its 
combining measure I i I . 

The compounds of bromine described, or rather 
enumerated, in this section are the following : — 

Fionnula. 
1. Hydrobromic acid Bromine 1 atom 78+ Hydrogen 1 atom ls= 79 H+Br. 
i, Brormcaeid - Bromine 1 atom 78+ Oxygen - 6 atoms 40=118 Br +50. 

1. Htdrobromig Acid. 

If bromine vapour and hydrogen be mixed to- 
gether and exposed to even strong solar rays, they do 
not unite. On introducing ^ piece of hot iron, how- 
ever, the particles in the immediate vicinity to it do, 
but the change does not extend to the whole mixture. 

Hydrobromic acid strongly resembles, in its pro- 
perties and relations, hydrochloric, from which, how- 
ever, it is easily distinguished by evolving bromine 
on the addition of either chlorine or nitric acid. It is 
a gas, which is abundantly absorbed by water : it does 



Chap. TI. XOX-HXTAIXIC m^EXEXTS. Ill 

not decompose water. It acts, lioireTery upoD me* 
tallic oxides in a maniifT exactly anakgoiis to hydro- 
chloric acid. 

%. Bbomic Acdl 

This compomid has heext little examined^ is of 
small consequence, and may be passed oyer. 



V. lODlXE. 

Iodine was discoyered in 1811, by M. Conrtois, a 
saltpetre manufacturer at Paris ; bat its real nature 
was determined by Davy and Gay Lussac, who 
proved that it was a non-metallic element, very ana- 
logons in its chemical relations to chlorine. It was 
named iodine, firom losSifs, violet-coloured, on account 
of the colour of its vapour. 

Iodine is found, but very sparingly indeed, in some 
metallic ores ; many mineral waters contain it ; but 
its main source is the waters of the ocean, where it is 
combined with sodium or potassium. It is an essen- 
tial constituent of many marine plants, particularly 
of plants belonging to the order Alg^e and it is a 
compound part of the structure of some marine ani- 
mals that feed upon these sea-weeds. The common 
cod is an example of these latter. In this animal the 
iodine is mainly or entirely confined to the liver. 

For commercial purposes iodine is always ex- 
tracted from kelpy i e,y the ash of sea-weed. This 
kelp is a very heterogeneous mass, and contains 
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chlorides of sodiam and potassium, sulphates of soda 
and potassa, and iodides of sodium and potassium. 
The first part of the process consists in getting rid 
of the other salts, which are in much greater quan- 
tities than the iodides. This is done by repeated 
crystallisation, as the iodide, being very soluble, is 
retained in the mother liquid. This mother liquid at 
length becomes a dark, thick mass, and is called the 
iodine ley. 

This is put into a stoneware still, sulphuric acid 
and oxide of manganese are added to it, and heat is 
applied. Iodine then distils over, and is then washed 
with water, and dried between pieces of bibulous 
paper. 

InRredlaiti tiacd. Prodocli. 

1 atom of iodide of C 1 atom iodine - IW 1 atom iodine - 126 

potasiiuro, 166 1 1 atom potassium 40 } 1 atom 

1 atom binox\de of J \*i?™ ^LV^^^m. - 8 jpot«« 46 . 

manganese. 44) **i°™JP^2i »fi \ 

i manganese- - 36— **»„..,_^ \ 

S atoms sulphuric CI atom sulpb. acid - 4a— — .._2sk.^(;;^li atom sulph.potaisa 88 

acid, 80 1 1 atom sulph. acid - 40 ^^1 atom protosulph. 

of manganese - 76 

In this process 2 atoms, or 80, of sulphuric acid, 
react on 1 atom, or 44, of binoxide of manganese, 
and also on 1 atom, or 166, of iodide of potassium; 
and yield 1 atom, or 126, of iodine, 1 atom, or 88, of 
sulphate of potash, and 1 atom, or 76, of sulphate of 
protoxide of manganese. 

Iodine, at common temperatures, is a soft, friable, 
and opaque solid, of a bluish-black colour, and has 
a semi-metallic lustre. It is usually met with in 
micaceous scales; but it sometimes crystallises in 
large rhomboidal plates. Its taste is hot and acrid, 
and its odour heavy, disagreeable, and peculiar. It 
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freezes at 225% and volatilises at 347% its vapour 
having a peculiar and characteristic violet hue. 

It is very sparingly soluble in water, requiring 
about 7000 times its weight of that fluid to dissolve 
it. Even in this quantity it communicates a brown 
tinge to the water. It dissolves readily in alcohol. 

Besides its peculiar and violet-coloured vapour, 
iodine is characterised by forming, with starch, a deep 
blue compound, insoluble in cold water. This test is 
so delicate, that a liquid containing so small a quan- 
*^*y ^ 450^,000 ^^ ^^ ^^^ weight of iodine strikes the 
blue colour when a little starch is added to it. It is 
necessary that the iodine be in a free state, and the 
solution cold, as hot water dissolves the blue com- 
pound, and forms a colourless solution. 

The atomic weight of iodine is 126, its symbol I, 
and the combining measure of its vapour m * 

The compounds of iodine described in this section 
are — 

FarmnUu 

1. Hffdriodie add - Iodine 1 atom 126-f Hydrogen 1 atom 1*127 H+I. 

2. Iodic acid - - Iodine 1 atom 126+ Oxygen - 5 atomi 40sl66 I +50. 
Z. Chloride qf iodine Iodine 1 atom 126+ Chlorine - 1 atom 353 161 I+Cl. 
4. Bromide qf iodine Composition uncertain. 

1. Htdriodic Acm. 
This is the most important compound of iodine. 
It may be formed by the direct union of its elements, 
when a mixture of hydrogen gas and iodine vapour 
are transmitted through a red-hot porcelain tube. It is 
a gas having very acid properties, and forms salts with 
alkalis called hydriodates. It is rapidly absorbed by 
water, and therefore cannot be collected over that 
fluid. 

I 4 
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2. Iodic Acid. 

One of the modes of obtaining this acid is, by 
digesting iodine in nitric acid. In this case the 
nitric acid parts with a portion of its oxygen, and be- 
comes nitrous acid, while the liberated oxygen combines 
with the iodine. It is a solid, semi-transparent, soluble, 
deliquescent, acid substance. Its salts are called iodates. 
With charcoal, sugar, and other combustibles it 
forms compounds that detonate on being heated. 

3. Chlosidb of Iodine. 

There is more than one chloride of iodine ; but they 
are only interesting as being employed in one mode of 
procuring iodic acid. It is not necessary to attend 
particularly to them. 

4. BsoMiDE OP Iodine. 

Bromine and iodine combine together by simply 
mixing them ; but the compound is of little interest 



VI. Fluorine. 

Fluorine has scarcely been obtained in a separate 
form, but its existence is inferred partly from ana- 
logical reasoning and partly from some experiments 
of the Messrs. Knox. The reason that it cannot be 
prepared in an isolated state is, that its aflSnityfor 
other substances is so great, that no sooner is it 
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separated from its combination with one si:y;>stance 
than it enters into union with some other, attacking 
the materials of which the apparatus used is com- 
posed. 

This element exists pretty extensively in nature in 
combination with calcium, forming fluoride of calcium, 
or fluor spar. Its atomic weight is calculated to be 
about 18; its symbol is F. 

The only compound of fluorine necessary to notice 
here is — 

roranin* 

Hydrqfhiorie add - nnorino I atom 18+Hydrogen 1 atoms 19 H+F. 

This acid is obtained by mixing together fluor-spar 
and sulphuric acid, and by applying heat to a leaden 
retort in which the mixture is placed. Sulphate of 
lime and hydrofluoric acid are formed, the latter of 
which passes off in a gaseous form into the receiver. 
This is kept cold by means of ice, and the acid be- 
comes fluid. The chemical changes are precisely the 
same as in the formation of hydrochloric acid, fluorine 
being substituted for chlorine. 

At 32^ this acid is fluid, and remains in that 
state, if kept in well-closed bottles, up to 60**. It is 
heavier than water, and its density may be still fur- 
ther increased by adding a little water to it. Its 
aflSnity for this fluid is very strong, and its combina- 
tion with it is attended by a loud hissing noise. 

Of all known substances hydrofluoric acid is the 
most destructive to animal textures. A small drop, 
the size of a pin's head, instantly destroys the skin, 
and induces a deep ulcer. Hence, in its concentrated 
form, it is a very dangerous thing to have anything 
to do with. It acts very energetically upon glass, and 
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Is used^in etching, as will be considered in a subse- 
quent page. For this reason it cannot be prepared 
or kept in bottles of glass ; and lea4, platinum, or 
silver are employed for the purpose. 

Hydrofluoric acid has a strong sour taste, reddens 
litmus paper, and neutralises alkalis, sometimes form- 
ing with them hydrofluates, but more commonly pro- 
ducing a metallic fluoride and water. 

When brought into contact with certain metals it is 
decomposed, hydrogen gas being given off, and a me- 
tallic fluoride formed. Upon potassium it acts in this 
way with great energy, and an explosion attended 
with heat and light ensues. 



VIL Sulphur, 

This substance has been known from the remotest 
antiquity, and is mentioned by Moses, Homer, and 
other antient writers. It occurs in nature abundantly, 
both native and in a state of combination with other 
elementary bodies. Native, or virgin sulphur as it is 
sometimes called. Is found in the neighbourhood of 
volcanos; and our principal commercial source of it 
is Sicily. Such is probably derived from the decom- 
position of metallic sulphurets from the high tempera- 
ture in the interior of the earth. The most important 
ores of copper, lead, and many other metals are sul- 
phurets; and a great portion of the sulphur of com- 
merce is obtained from the sublimation of iron pyrites, 
or the bisulphuret of iron. Sulphur also exists in 
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combination with metallic oxides and oxjgen, form- 
ing sulphates; and it is likewise a necessary con- 
stituent of most animals and plants. The common 
name of sulphur is brimstone. 

Native sulphur is purified by melting it ; and both 
it and that obtained by the sublimation of iron pyrites 
are^ when molten, poured into moulds, in which it 
solidifies. It then constitutes roll sulphur. Flowers 
of sulphur, as they are called, are prepared by con- 
densing sulphur vapour so rapidly that the atoms have 
not time to form crystals of any perceptible size, but 
appear like a soft powder, although this is in fact com- 
posed of a number of minute crystals. To do this the 
apparatus here figured {fig. 27.) is employed, a and 

Fig, 27. 







m^^m 




B are two sections ; the former a vertical, the latter a 
horizontal one. The same letters refer to both. In an 
apartment and shed mm, is a vaulted shed a, having 
a capacity of at least two thousand cubic feet Outside 
of a is c, an iron pan, filled with sulphur kept boiling 
by the fire at o. Both boiler and fireplace are lined 
with brick, to prevent much heat being communicated 
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to the chamber <u The draught from the fire passes 
to the chimney g. The pan is supplied with sulphur at 
the door n, and the vapour of the sulphur mixes with 
the air in the wide space rf, and, passing through 6, 
rises into the shed or chamber, where it meets with a 
quantity of cold air and immediately falls like a snow 
shower on the floor. This powder is removed by 
the door at p. If the mixture of sulphur vapour and 
air should inflame, the valve e is opened by the 
explosure, and the gases escape at 2. 

Sulphur i^ prepared in a state of even more minute 
division* This preparation is called lac sulphuris, or 
milk of sulphur, and was known to Geber, It is pre- 
pared by decomposing sulphuret of potassium, or cal- 
cium, by means of hydrochloric acid. When this is 
done the sulphur falls down as a purely white powder. 
It generally, perhaps essentially, contains a Uttle 
water. 

Common sulphur is a brittle solid, of a yellowish 
green colour, and of scarcely any taste. If rubbed, it 
emits a peculiar odour. At 232** it melts, but if 
heated up to 320° it begins to thicken, and to acquire 
a reddish tint; and at temperatures between 429° 
and 482*" it becomes almost solid. From 482° to the 
temperature at which it begins to volatilise, it agam 
becomes fluid. 

Another remarkable physical property of sulphur 
is, that if heated to 430% and then suddenly cooled, 
by being thrown into water, it becomes a ductile mass, 
and may be used for taking the impressions of seals. 
After a time it returns to its common state. 

At 550° sulphur volatilises freely. During its 
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volatilisation a little snlpharons acid is always formed. 
In practice^ this imparity is got rid of by washing 
the snlphnr, for solphor itself is altogether insoluble 
in water. 

When snlphnr is heated in the open air^ it takes 
fire at about 300% burning with a blue flame. The 
sulphur combines with the oxygen of the air, forming 
sulphurous acid. 

Sulphur is extensively employed. It is used in 
medicine ; is the substance almost univerally adopted 
for making all kinds of matches ignite more readily ; 
in making casts; and in the manufacture of gun- 
powder, of sulphurous and of sulphuric acids. 

The atomic weight of sulphur is about 16, its 
specific gravity 1*9, its symbol S, and its combining 
measure D. 

The compounds of sulphur that require mention 
here are — 

1. Hpdrotulphuric acid - Sulphur 1 Atom 16+ Hydrogen I atom 1=17 H S. 

2. Persuipkmret qf hydrogen Sulphur 3 atoms 33+ Hydrogen I atom ls33 H+2S.1 
Z. Sulphurous acid • Sulphur 1 atom 16+ Oxygen - 2 atoms 16=332 8+20. 

4. Sulphuric acid - • Sulphur 1 atom 16+ Oxygen - 3 atoms 24^40 8+30, 

5. Hffpotulphurous add - Sulphur 2 atoms 32+ Oxygen - 2atomsI6£±48 2S+20. 

6. Hypotulphuric acid - Sulphur 2 atoms 32+ Oxygen - 5 atoms 40=72 2S+50. 
T. Chloride qf sulphur - Sulphur 2 atoms 32+ Chlorine 1 atom 35=67 28+ CI. 

8. Bromide qf sulphur > Composition uncertain. 

9. Iodide of sulphur - do. 

1. Htdrosulphuric Acid. 

The common name of this compound is sulphuretted 
hydrogen. To prepare it, sulphuret of iron is acted 
upon by diluted sulphuric acid. An effervescence 
takes place, sulphuretted hydrogen is evolved, and 
sulphate of oxide of iron is left in the retort. In 
this process, the water associated with the acid is de- 
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composed^ its oxygen uniting with the iron to form 
the oxide of iron that unites with the sulphuric acid, 
and the hydrogen forming, with sulphur, the com- 
pound now under notice. 

1 atom of water. 9 [ ^{f-^ K^------— .--1 atom sulphuretted hydrogen 17 

I atom sulphuret f Sulphur 16-- 

of iron, - 44 1 Iron - 38 — ^^— «».=sw 
1 sulphuric acid 40 - -40 ' 1 atom sulphate of oxide of iroo 76 

Sulphuretted hydrogen is a colourless gas, which 
reddens litmus paper slightly. It is known by its 
extremely offensive smell, similar to that of rotten 
eggs, which, indeed, owe their odour to it. Under a 
pressure of seventeen atmospheres it becomes liquid. 
It is remarkably destruc£ive to animal life, and the 
presence of fy^th of it in air has been known to 
destroy a bird. It extinguishes all burning bodies 
placed in it, but itself takes fire, and is resolved into 
water, sulphurous acid, and sulphur. 

It is decomposed by chlorine ; and hence that sub- 
stance acts as a disinfectant and purifier of sewers, 
&c., the offensive nature of which is attributable to 
the presence of sulphuretted hydrogen, from the 
decomposition of animal matter. Many of the metals 
decompose it, particularly when heated ; and as the 
air always contains a certain amount of it, silver and 
gold utensils gradually become tarnished, that is, 
they combine with the sulphur of the sulphuretted 
hydrogen, and hence become coated with sulphuret 
of gold or silver. 

Sulphuretted hydrogen dissolves readily in water, 
and this solution of it is much used by the chemist 
as a test for metals, from the solution of which it 
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precipitates sulplmrets that Lave yarioos colours. 
Thus, sulphuretted hydrogen precipitates — 

From a tolutioD of antimony, orange, lulpharet of that metal . 

From a solution of manganese, Jlah red, sulpburet of manganese. 

From a solution of arsenic. canary pellouf, sulphuret of arsenic. 

From a solution of lead, mercnry, Ac, black, sulphuret of these netali. 

Sulphuretted hydrogen is a common ingredient in 
mineral springs, and in such cases is probably evolved 
by the action of water upon sulphuret of iron at a 
high temperature. These are easily known, by their 
offensive odour, their blackening a silver spoon, or 
giving, with a soluble salt of lead, the black precipi- 
tate of sulphuret of lead. 

2. Pessttlfhubet of Htdbogen. 

This compound is believed to consist of two atoms 
of sulphur and one of hydrogen. It is a vivid yellow 
fluid, having a density of about 1*7, and of the same 
odour, although feebler, as sulphuretted hydrogen. 
The elements composing it are so feebly united, that 
it always tends to resolve itself into sulphur and 
sulphuretted hydrogen. The contact, too, of most 
substances, tends to promote this decomposition. 
Like the binoxide of hydrogen, to which it is very 
analogous, the presence of acids renders it much 
more stable. Like it, too, it whitens the skin, and 
possesses bleaching properties. 

3. SuLPHUBous Acm. 

This compound has been known and employed 
therapeutically from a very remote antiquity. Homer, 
for example, mentions sulphur fumigations. One of 
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its old names was spirit of sulphur by the helL We 
are indebted to Dr. Priestley for a knowledge of its 
composition. 

At ordinary temperatures and pressure sulphurous 
acid is a gas* It is produced whenever sulphur is 
burned in air or oxygen ; or, if required very pure, it 
is obtained by deoxidising sulphuric acid by means 
of mercury. In this latter case the metal combines 
with one atom of the oxygen of the sulphuric acid, 
upon which sulphurous acid is evolved. As sulphu- 
rous acid is very readily absorbed by water, it must 
be collected over mercury. 

Sulphurous acid has a peculiar odour (the smell 
of burning sulphur), and cannot be breathed. It is 
colourless and transparent, does not support combus- 
tion, and is not itself combustible ; and it bleaches a 
variety of animal and vegetable colours, and hence 
is used in the arts. The mode in which it bleaches 
is peculiar. It combines with the colouring matter, 
forming a white compound; but as this compound 
is gradually decomposed, and the acid cast off into 
the air, bleaching with sulphurous acid is not per- 
manent. This compound may at once be decom- 
posed by the addition to it of a stronger acid. Thus, 
if a red rose be exposed to the fames of burning sul- 
phur, the sulphurous acid combines with the colour, 
and the rose becomes white. If this white rose be 
then washed with a little diluted sulphuric acid, 
the white compound is decomposed, and the rose be- 
comes red again. 

The specific gravity of sulphurous acid is 2*2. 
Water takes up thirty-three times its volume of this 
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^: gas. So^lniroiis acid may be obfaioed in ^ 7:^28. 

Ip a liquid finm by pollii^ into a tabe (as 
• yZ^. 28.) scMoe snlphnric add and menmy, 

ilj:; and then sealing np the ends. By applying 

Q^^;: heat to a, and cold to ft (by means of ether),! 

rti the gas is ercdTed and li^joefied by its own 

^i pressaieat&. 

vjj Snlphnrons add fbnns salts with bases, 

f- called sulphites. It is a Teiy feeble add, 
and is expelled firom all its combinations 

I: by almost every other add sare the car- 
bonic 

Besides being used in bleaching, snlphnrons add is 
employed as 4i disinfectant and in the treatment of 
skin diseases. 

4. SuifHUBIC AdB. 

This add was known to Geber as early as the se- 
venth centory. Li English commerce it almost in- 
yariably occurs combined with water, and is a hydrate 
of sulphuric add. In common language this is called 
oil of yitrioL It is, from the energy of its action and 
the many numerous compounds that it forms, one of 
the most important of chemical substances. 

The preparation of sulphuric acid may be illustrated 
on a small scale in the following experiment: — a (Jig. 
29.) is a central vessel containing common air and 
slightly moistened with water; & is a flask giving off 
sulphurous acid; and c another, giving off nitric oxide 
into it. By and by the interior of the central vessel 
becomes covered with a deposit somewhat reseknbling 
hoar frost. In order that this may continue to be 
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deposited, fresh air must be introduced into the 
central flask by blowing into d; upon doing which the 
gases will escape by e. 

Fig. 29. 




This white crystalline substance is a compound 
of sulphurous acid and nitrous acid; and an atom of 
oxygen leaves the latter and joins the former, the 
result being the formation of sulphuric acid and 
hyponitric acid. 

With regard to the manufacture of sulphuric acid 
on a large scale in this country we extract from Pe- 
reira: — *^ Crude sulphur is burned on an iron plate 
in a furnace, and the gas (sulphurous acid) thereby 
produced is conveyed by a pipe or chimney into a 
leaden chamber, the bottom of which is covered to the 
extent of four or five inches with water. The fiimace 
door has two apertures to regulate the supply of at- 
mospherical air. After combustion has continued for 
some hours, an iron pot containing a mixture of the 
nitrate of potash or soda and oil of vitriol is intro- 
duced into the fiimace, and steam is conveyed into the 
leaden chamber ; so that sulphurous acid, nitric or 



Chap. VI. 



NON-METALLIC ELEMENTS. 



131 



nitrons acid (generated by the action of the oil of 
vitriol on the nitrate of potash and volatilised by the 
heat produced by the combustion of the sulphur), and 
steam are conveyed into the leaden chamber, and by 
their mutual reaction produce sulphuric acid, which is 
absorbed by the water at the bottom of the chamber. 
To prevent loss in the process, the residual gases are 
conveyed through two other small leaden chambers 
(also containing water) before they are allowed to es- 
cape into the air. 

Fig* so. 




a, Furnace. b, c, d. First, second, and third leaden chambers, 
c, Boiler. /, Pipe of do. g. Steam-hole. A, t, Pipes from first, 
second, and thurd chambers. k. Waste-pipe. I, Man-hole. 

^* When the liquid in the leaden chamber has ac- 
quired a specific gravity of about 1*5, it is conveyed 
by leaden pipes into rectangular leaden boilers, 
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where it is evaporated and concentrated until its 
specific gravity is 1*7 ; but in some manufactories 
this part of the process is omitted. The final con- 
centration is effected by boiling it down in glass or 
platinum retorts; the latter, notwithstanding their 
great price, are now usually adopted. Their price 
of course depends upon their size. Mr. V. Parker 
had one which held thirty gallons, and cost about 
360/. ; but sometimes they are made so large that 
they are worth lOOOZ. each. In this apparatus the 
acid is deprived of a part of its water and some sul- 
phurous acid ; and when it has attained a sufficient 
degree of concentration it is drawn off by means of 
a platinum syphon into carboys. 

**The theory of the process is the following: — 
When sulphurous and nitric acids come into contact, 
the first loses, the second gains, oxygen, by which sul- 
phuric and nitrous acids are formed. Dry nitrous 
acid and sulphurous acid gases undergo no change 
when mixed; but if a little moisture be admitted, 
re-action takes place, and a crystalline compound of 
sulphuric acid, hyponitrous acid, and water is formed. 
This, falling into water, is immediately decomposed, 
sulphuric acid is dissolved, and the hyponitrous acid 
is resolved into nitrous acid and binoxide of nitro- 
gen, which escape with effervescence in a gaseous 
form. The nitrous acid thus disengaged, with that 
produced by the union of the binoxide with oxygen 
of the atmosphere, becoming mixed with more sul- 
phurous acid and water, give rise to a fresh portion 
of the crystalline compound. One part of the ni- 
trous acid is converted by the water present into 
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nitric acid and binoxide of nitrogen, while another 
portion loses the whole of its oxygen, by which a 
little nitrogen gas is disengaged."* 

At Nordhausen in Germany another method of 
obtaining sulphuric acid is followed. It consists in 
decomposing sidphate of oxide of iron (in common 
language, green vitriol) by heat This salt in its 
ordinary state contains six atoms of water, but when 
strongly dried by the fire, five of these are driven off 
and only one remains.. If this dried sulphate be then 
exposed to a red heat, the sulphuric acid passes off 
along with the water, leaving oxide of iron behind* 
This hydrate of sulphuric acid is popularly called 
faming, sulphuric acid, and it consists of two atoms of 
acid united with one of water. 

If this last-mentioned acid be introduced into a 
retort, the receiver of which is surrounded with 
snow,, and heat gently applied to it, a transparent 
colourless vapour passes over, which condenses into 
a white crystalline solid. This is anhydrous or pure 
sulphuric acid* 

Anhydrous sulphuric acid is tough and elastic, it 
liquifies at 66^ and boils at from 104° to 122**. The 
specific gravity of it at 78° is nearly 2. 

The Nordhausen acid is a dark brown oily-looking 
liquid, that gives out dense fumes when exposed to 
the air ; from which circumstance it derives its com- 

* The complicated changes that take place in this process 
will be unintelligible unless 'the reader is acquainted with the 
compounds of oxygen and nitrogen, not described in this work 
until p. 145, and following. 

K 3 



134 PHASIS OF MATTER. Book I. 

mon name. As just stated^ every two atoms of it 
are associated with one of water. 

The oil of vitriol, or English commercial sulphuric 
acid, is a transparent, colourless, inodorous, very acrid 
and corrosive fluid. It is a very intense acid, and 
saturates bases and displaces other acids from their 
combinations with great power. It has a very strong 
affinity for water, and the union of the two is 
attended with evolution of heat and considerable 
condensation. If exposed to air containing watery 
vapour, it rapidly absorbs it. Indeed, it is to its 
great affinity for water that it owes its corrosive 
property, and applied to animal or vegetable struc- 
tures it destroys them by separating from them the 
water necessary to their being. 

English sulphuric acid has a specific gravity of 
about 1*8, and such acid is composed of one atom of 
water and one of acid ; it freezes at — 15**, and boils 
at 62^ 

Free sulphuric acid can be immediately detected 
by a solution of any salt of baryta. When one of 
these is added, the heavy white sulphate of baryta, 
insoluble in all acids and alkalis, is at once thrown 
down. 

In order to ascertain the proportion of sulphuric 
acid really present in any commercial specimen, it 
may be moderately diluted with water, and while 
warm pure anhydrous carbonate of soda added until 
the solution is quite neutral Every 53 parts of car- 
bonate of soda correspond to 40 of real acid, these 
bemg respectively the atomic weights of these two 
substances. 
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5. HTP06DI.FH1IBOn8 AciB. 

It is unnecessary to detail here the proportion of 
this compound. It cannot exist permanently in a 
free state. Neyerthdess^ it forms salts^ and the hypo- 
sulphites are more permanent than the sulphites. A 
curious property of the neutral hyposulphites is that 
they can dissolve in large quantity chloride of silver^ 
and that they form with that substance a liquid of an 
exceedingly sweet taste. 

6. HTPOsui.FHnBic Acid. 

This is another compound of little interest save to 
the professed chemist^ and may here be safely omitted. 

7. Chlobide or Sulphub. 

This consists of one atom of chlorine united with 
two of sulphur ; is prepared by simple admixture of 
chlorine and sulphur vapour^ and is a volatile reddish 
liquid^ of no practical importance. 

8. Bboiodb of Sulphur. 

This^ like the preceding, is a heavy reddish liquor. 

9. Iodide of Sulphub. 

This is formed by heating gently together four 
parts of iodine with one of sulphur. The result is a 
black crystallisable compound. It is used as an oint- 
ment in various skin diseases. 
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Vin. Selenium. 

This elementary substance was discovered by 
Berzelius^ and accompanies^ but in exceedingly mi- 
nute quantities^ metallic sulphurets. Neither it nor 
its compounds are put to any use in the arts^ and it 
only requires here a very short notice. 

Selenium is a solid^ having a dark brown colour and 
a metallic lustre. It boik at 650°, giving off a vapour 
of a yellow colour like that of sulphur, a substance 
which in its combination it is also analogous to. 

Thus it forms with hydrogen a gas, selemuretted 
hydrogen, having a very fetid smell, being irre- 
spirable, and precipitating from metallic solutions 
selenurets. These are commonly black, but that of 
zinc is white. 

Unlike sulphur, selenium forms a compound with 
oxygen having only one atom of that element It is 
a gas remarkable for its smell, which resembles that 
of horse-radish. It also forms selenious and selenic 
acids, both which are very analogous to sulphurous 
and sulphuric ones. 

Its atomic weight is 39, and its symbol Se. 



IX. Phosphorus. 

The history of the discovery of this element is 
curious. It was found out by accident by Ei^andt, 
an alchemist of Hamburgh, who was in search of 
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the philosophers' stone. '^ lake his eonfrires/' says 
Dmnas^ '^ he did not find that which he son^t, but, 
more happy^ he found that which he did not seek." 
For some time he kept his process secret ; but it was 
discovered by Knnkel, whose phosphoms was sold 
wider his name. The process employed was tedious, 
and for a long time phosphoms was rare and dear. 
When Scheele discovered that the bones of animals 
contain phosphoms, a new source of it was brought 
to light, fix)m which it can now be abundantly ob- 
tained. 

The name phosphorus is given to it on account of 
its being luminous in the dark ; and is derived from 
il>&9 light, ^p€d to carry. 

Phosphorus occurs abundantly in nature. It is 
a necessary constituent of bones, and therefore of the 
food of animals, and therefore of edible plants, and 
therefore of the soiL Indeed, one of the di£Sculties 
that the farmer has to contend with is to keep up the 
supply of soluble phosphates in severely cropped land. 

To obtain phosphorus bones are burnt to expel 
the animal matter. The phosphate of lime that is 
then left behind is ground down to powder. To this 
water and sulphuric acid are added, insoluble sul- 
phate of lime is formed, and the phosphoric acid, 
which remains dissolved in the water, is set free. 
The liquid is evaporated to the consistence of a 
syrup, mixed with a quantity of charcoal, and the 
mass is completely dried at a temperature below that 
of a red heat It is then powdered and introduced 
into the retort a (Jig. 31.), which is placed in a fur- 
nace. A copper tube, 5, is adapted to the neck of the 
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retort^ the other end of which dips into the water in 
the bottle c. As the retort becomes heated the carbon 
of the charcoal unites with the oxygen of the phos- 
phoric acid, forming carbonic acid, and the phosphorus 
becomes free ; and, being volatilised by the high tem- 
perature, passes along, i, where it is condensed into a 
liquid form whilst under the water. The phosphorus 
is again melted under the water and poured into glass 
tubes, where it allowed to soKdify. It then forms the 
sticks of phosphorus sold in the shops. 

Phosphorus, when pure, is transparent, and nearly 
colourless. At common temperatures, it is a soft 
solid, of specific gravity 1*7 ; it is easily cut with a 
knife, the cut surface showing a waxy lustre; at 
108° it melts, and vaporises at 550^ It is soluble 
in naphtha, oils, &c. 

Phosphorus is remarkably inflammable. Exposed 
to the air, at common temperatures, it slowly bums ; 
emits a white vapour that has a strong smell of gar- 
lic; is luminous in the dark, and it is gradually 
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consumed^ and consequently, it requires to be kept 
under water. 

If, when exposed to the air, the slightest heat be 
applied to it, as even that communicated to it by 
slight fijclion, it kindles, emits a splendid white 
light, and gives out intense heat. K it be burned in 
pure oxygen the combination is even more vivid. 

Its atomic weight is 16, and its symbol P. The 
combining measure of its vapour is Q. 

The compounds of phosphorus described in this 
section are as follow : — 

\. Pkotphm-etUd hffdrogen - Fhosphoras 1 atom 1 6+ Hydrogen 8 atomt 8=19 P-f3H. 

2. Oxide qfpkotphorus - - Phosphorus 3 atoms 48+Oxygen - 1 atom SsdG 3P+0. 

3. Hypopho9jAorous aeid - Phosphorus 2 atoms 82+ Oxygen . 1 atom 8»40 SP+O. 
A. Phosphorous acid - - Phosphorus 2 atoms 32+Oxygen . 8 atoms 24=56 SP+SO. 

5. Phosphoric acid • -\ 

6. Pyt^pphosphoric acid -> Phosphorus 1 atom 16+ Oxygen - 5atoros40s56 P+50* 

7. Metaphosphoric acid -) 

^ Iodide cif phosphorus - Various. 
9. Sulphwet nf phosphorus do. 



1. Fhosphusbttbd Hydrogen. 

There are probably two compounds of phosphorus 
and hydrogen, but our knowledge is certain with re- 
spect to the gaseous one only. This gaseous one 
was discovered by Davy in 1812. It may be formed, 
either by heating phosphorus in lime water, in which 
case the water is decomposed, the oxygen uniting 
with part of the phosphorus, and the hydrogen with 
the other, the latter union forming the compound under 
consideration; or by heating hydrated phosphorus, 
in which case the water is also decomposed. As the 
gases obtained in these two methods have different 
proportions, Kane has proposed to call the one procured 
by the first process, A gas, and the other, B gas. 
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If the A gas evolved from the retort a (^jig, 32,) be 
allowed to bubble through the water of the pneumatic 
trough by each bubble, on reaching the surface, bursts 
into flame, and becomes converted into a wreath of 
white smoke, that consists of phosphoric acid and 
water. As these rings ascend in the air, they widen, 
and present a curious combination of movements. 
Each ring, in fact, consists of an amazing quantity 
of little rings, revolving with great rapidity on their 
axis, at right angles to the direction of the large one. 
If these bubbles are received into oxygen, the com- 
bustion is very brilliant. 

The B gas does not spontaneously inflame, al- 
though, if ignited, it burns in the same manner. 

In other respects, the two are identical. They are 
colourless, transparent gases, having a most ofiensive 
smell; they precipitate most metallic salts, giving 
insoluble phosphurets; and they consist of one atom of 
phosphorus and three of hydrogen. 

The difierence in the two, with regard to their 
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inflammability, is owing to the presence of a little 
foreign matter. Thus, the addition of a very small 
quantity of ether destroys the spontaneous inflamma- 
bility of A gas, and, on the other hand, a little vapour 
of nitrous acid converts B into A, and makes it spon- 
taneously ignite. Graham suggests that, in the pre- 
paration of the gas from phosphorus and lime water, 
a compound of oxygen and phosphorus may be 
formed, the same as that formed by nitrous acid with 
B, and which acts as a match. 

2. Oxide of Phospborus. 

To obtain this, phosphorus is dissolved in boiling 
water^ and then a stream of oxygen gas is thrown 
upon it. Combustion ensues, the phosphorus bums 
with great brilliancy, and a number of red particles 
fall to the bottom. It is a compound of three atoms of 
phosphorus and one of oxygen. 

3. Htpophosphobous Acid. 

This, like the preceding, is a substance of little 
consequence. It forms salts, nearly all of which are 
soluble in water. 

4. Fhosphobovs Acid. 

This acid is the principal product of the slow com- 
bustion of phosphorus. In order to obtain it in this 
manner, the phosphorus must be in excess. Thus 
prepared, phoshporous acid is a soft, white powder. 

It is also obtained in the liquid form. To do so. 
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a current of chlorine is forced upon phosphoms 
placed in water, npon which chloride of phosphorus 
is formed ; this substance is immediately decomposed 
by the water, and hydrochloric acid and phosphorous 
acid are produced. By evaporating this mixture to the 
consistence of a syrup, the hydrochloric acid passes 
off as a gas, leaving hydrated phosphorous acid behind. 
If this be heated, the water is not driven off; but it is 
decomposed, and resolved into phosphoric acid and 
the kind of phosphuretted hydrogen that is not spon- 
taneously inflammable. 

The solution of phosphorous acid has a strong 
affinity for oxygen, and, by the aid of heat, reduces 
to the metallic state salts of mercury, silver, gold, 
and platina, 

5. Phosphoric Acid. 

This acid may be prepared by oxidating phos- 
phorus by means of nitric acid. The following table 
shows the action that takes place. 

IngredicBto naed. RamUts. 

1 16 itfoms ozyffCQ 130 " 
6 atoms phosphoms 96 "^^ 6 atoms phosphoric add - 816 

Phosphoric acid is colourless, very sour, reddens 
litmus strongly, and neutralises acids; it does not, 
however, destroy the texture of the skin. It has a 
very strong affinity for water, and when brought into 
contact with that substance combines almost explo- 
sively. It forms with it three distinct compounds or 
phosphates of water, as follows : — 

Monobasic phosphate of water =(P+60)+RO. 
Bibasic phosphate of water - =s(Pi-50HSH0. 
Tribasic phosphate of water - s(PH-50)+3HO. 
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Not onlj does the phosphoric acid combine in these 
different proportions with water, hut these phosphates 
of water may be decomposed and the place of the 
water taken by metallic oxides. When the mono- 
basic phosphate of water is so decomposed, say by 
means of soda, a phosphate of soda with one atom of 
acid and one of base is formed; when the bibasic 
phosphate of water is so decomposed, then two atoms 
of the soda take the place of the two of water, and 
join with the one of acid ; and when the tribasic phos- 
phate of water is thns decomposed, then three atoms 
of soda join with one of base. 

This was formerly explained by assuming that 
there were three isomeric phosphoric acids, and which 
were named as above ; but the more recent views of 
Professor Graham are not only the most probable, but 
they have a very important bearing upon the consti- 
tution of salts in general 

6. Iodide ot F&osPHORU8b 

When iodine and phosphorus are warmed together 
they combine and form, according to the proportions 
used, three iodides, an orange, a grey and a black 
one. 

7. SuLPHUBBT or Fhobphorus. 

In like manner, when sulphur and phosphorus are 
mixed together, they form one or more imions. Sul- 
phuret of phosphorus is very inflammable, and is used 
in the phosphorus match-boxes. 
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X. Azote, or Nitrogen. 

This element occurs very abundantly in nature 
It constitutes four-fifths of the atmosphere ; occurs 
in the soil in the form of nitrates ; is essentially 
present in animal and vegetable structures, and is, by 
the decay of these, also supplied to the soil, and to the 
air as ammonia, which, as we shall soon see, is a nitro- 
genous compound. The name of nitrogen is derived 
from its being an element of nitric acid ; and azote 
from a, ^ayfjy life, in consequence of animals placed in 
it soon dying. It is not, however, that animak so 
treated die because they breathe the nitrogen, but 
because they do not breathe oxygen. 

Nitrogen is sometimes obtained from flesh, but its 
most convenient source is the atmosphere. By de- 
privmg this compound of its oxygen, a suflSciently 
pure nitrogen is obtained. This is best done by 
burning a piece of phosphorus in a cup, d (Jig. 33.), 
floating on water, and inverting a bell glass, a, over 
it. The phosphorus and oxygen unite, and form 
phosphoric acid, which is ab- Fig, 33. 

sorbed by the water. As the 
oxygen gradually disappears, 
its place is taken by water, 
and about one- fifth of the bell 
glass will be occupied by that 
fluid. The carbonic acid, am- 
monia, and other constituents 
of the atmosphere are sepa- ^ 
rated from the nitrogen by 
washing. 
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Nitrogen is remarkable for its negative properties. 
It is without colour, taste, or smell, is not combustible, 
and does not support combustion or respiration. It 
is rather lighter than atmospheric air. 

Its atomic weight, is 14, its symbol N, and its com- 
bining measure | | | . 

The compounds of nitrogen mentioned or described 
in this section are as follows : — 

'■ "^rSli^Ite^**^ } ^*«">«« » •*«» 14+Hydrogen 8 atomi 3«17 N+8H. 
% NOrous oxide - Nitrogen 1 atom H-fOxygen - 1 atom 8s83 N+O. 

a. Nitric oxide - Nitrogen 1 atom 14+ Oxygen - 8 atoms 16=30 N+SO. 
4. HypotUtrom add - Nitrogen 1 atom 14+ Oxygen - Satomi 94sb88 N+SO. 

b. Nihromt acid - Nitrogen 1 atom 14+ Oxygen - 4 atoms 32a46 N+40. 
6. NUrie acid • - Nitrogen 1 atom 14+Oxygen - 5 atoms 40s54 N+50. 



L A2URBT OF HtDBOGEK, OR AmMONIA. 

This compound was probably not created along with 
other material compounds, but was only called into 
being, on anything like an extensive scale, after or- 
ganic structures had lived and rotted. Its conside- 
ration is therefore deferred until we have, in Book 
III., organic chemistry brought before our notice. 

2. NiTBOUB OXIDB. 

Nitrous oxide, or the protoxide of nitrogen, was 
discovered by Priestley, who named it dephlogisticated 
air. It is best prepared by heating nitrate of am- 
monia up to 350'', at which temperature this salt is 
decomposed, and resolved into nitrous oxide and water. 
The nature of this very curious change is shown by 
the following diagram: — 

VOL. I. L 
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f Oxygen 8 -rj* Nitrous oxide 22 



Nitrate of nm- 
monia, 71 - 



I Oxygen ft ^^ ^ itrous oxide 22 

Nilricaci<LM-!S*y!!l? 



kcid^M-i 
[ 



Oxygen 
Oxygen 
Nitrogen I 




(Nitrogen 14' 
AmmoniA - l» J Hydrogen 1 ^OO Water - 9 

(Hydrogen I :2i».Water - 9 



Nitrons oxide b a colourless and transparent gas. 
It is heavier than air, having a specific gravity of 1*5. 
Its odour and taste are agreeable. It is not combus- 
tible, but is a very powerful supporter of combustion; 
in this respect almost equalling oxygen. Water dis- 
solves about three-fourths of its volume of it 

As nitrous oxide is an invisible gas that supports 
combustion, it is apt to be mistaken for oxygen. It 
may be distinguished from that element by its solu- 
bility in water, and by sulphur burning in it with a 
rose tint, and not with a blue or purple flame as in 
oxygen. 

The eflects of nitrous oxide, when inhaled, upon the 
nervous system are very remarkable. If breathed 
from a waterproof bag (as in jig. 34.) it produces a 
species of temporary intoxication. ^'I have ad- 
ministered," wrote Pereira, '^this gas to about one 
hundred persons, and have observed that, after the 
respiration of it from a bladder for a few seconds, it 
usually causes frequent and Fig, 34. 

deep inspirations, blueness / 

of the lips and counte- j^^^'^'^''^^ J^ 

nance, and indisposition to 
part with the inhaling tube, 
and a temporary delirium, 
which subsides in the course of three or four minutes. 
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The sensations are usually pleasing. The delirium 
manifests itself differently in different individuals, 
as in some hy dancing, in others by fighting, &c," 
After the excitement has worn off, little or no lassi- 
tude is felt. 

3. Nitric Oxide. 

Nitric oxide, or the deutoxide of nitrogen, is a gas 
prepared by deoxidating nitric acid. Nitric acid con- 
tains five atoms of oxygen, nitric oxide two ; if, then, 
we extract from an atom of the former three atoms 
of oxygen, we obtain the latter. This is done by 
adding to nitric acid metallic copper. Brisk effer- 
vescence begins without the aid of heat, nitrate of 
the oxide of copper is formed, and nitric acid gas 
given off. The chemical change that occurs is as 
follows: — one portion of the nitric acid is decom- 
posed ; a portion of its oxygen oxidates the copper, 
and the oxide thus formed unites with the other 
portion of nitric acid; and the other portion of oxygen 
unites with the nitrogen to form the compound in 
question. 

Nitric oxide is a colourless, transparent gas, a little 
heavier than air, scarcely soluble in water, irrespira- 
ble, incombustible, and not a supporter of ordinary 
combustion. 

Its most remarkable property is its tendency to 
unite with oxygen tirhen the oxygen is uncombined. 
It cannot take oxygen from any other substance ; but 
if it is mixed with it, or with a mixture of gases of 

L 2 
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which oxygen is one, it unites with it, fonning the 
deep ruddy fumes of nitrous acid. Thus nitric acid 
forms a very ready test for the presence of free oxy- 
gen. Nitric oxide combines with both salts and acids. 
These compounds will be afterwards named. 

4. Htponitboitb ACIB. 

This is formed by mixing, in proper proportions, 
nitric oxide and oxygen, and surrounding the vessel 
with a freezing mixture. They unite to form a 
volatile green liquid. 

5. NiTBOus Acid. 

Nitrous acid presents itself in the form of deep 
red fumes, and is produced by simple admixture of 
its elements, the oxygen being in excess. By a cold 
of about zero it may be rendered liquid. This fluid 
nitrous acid at this temperature is of an orange-yel- 
low colour ; at 40** it solidifies, and then becomes 
white ; at 82° it boils, and its vapour is then ruddy 
red; but if it be heated to* 212** becomes black. 
These changes of colour are very remarkable. 

It is now believed to form with bases salts which 
are termed nitrites. 

6. Nitric Acid, 

This important acid was known in the seventh 
century to Geber, who named it soluUve water. It 
subsequently received various names, as Glauber's 
spirit of nitre, aquafortis, &c. It occurs combined 
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with lime^ potash^ soda and magnesia, is often pro- 
duced in the atmosphere by the action of electricity 
upon its elements, and i& present in many yegetables. 
Anhydrous nitric acid is composed of one atom of 
nitrogen and five of oxygen, but it is nearly always, 
and in practice always, combined with water. 

On a small scale hydrated nitric acid* is obtained 




from nitrate of potassa by the action of sulphuric acid. 
Equal weights of the two ingredients are placed in the 
glass retort a {fig. 35.), to which heat is applied. Nitric 
acid soon begins to distil over, and is condensed in 
the receiver h. In order to render this condensation 
more complete, the receiver is surrounded by a net, 
and placed in a trough, c, and a stream of cold water 
is made continually to flow over it from the pipe i 

* In the following pages we shall term the acid simplj 
" nitric acid." 

L 3 
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This cold water spreads over all parts of the network, 
and flows out by the end pipe d. This apparatus is 
suited for the distillation of other volatile liquids. 

The reaction that takes place in this process may 
be exhibited thus : — 



iL Products. 

Nitrate of potas- C Nitric acid, 2 atoms 108 -^^^ Liquid nitric add, 

sa,8atoms,a04 f Potasia,2atom8 - 96>^,^.^-'^'^ 2 atoms - -135 

^^4sr."t2slwiti;;i2ss: : s^S:^ 

acld.4atoms205| Sulph.acld,4atom« 160 - "^^ Hydiaf sulph. potas. 

2 atoms - - 874 

In practice, however, nitric acid is not prepared on 
the small scale in glass retorts, but in large quantities 
by the manufacturers in iron vessels. The salt em- 
ployed by them is now almost invariably the nitrate 
of soda, it being much cheaper than the saltpetre. 
The nitric acid of commerce is very far from being 
pure. It generally contains chlorine (from the nitrate 
used having common salt mixed with it), sulphuric 
acid, iron from the retort, and nitrous acid. By dis- 
tillation it may be rendered tolerably pure, the chlo- 
rine coming ofl^ with the portion that comes over first, 
and the salt and iron remaining to the last The 
acid that is distilled over in the middle is the purified 
kind. 

The strongest nitric acid that can be obtained con- 
sists of one atom of acid and one of water. This has 
a gravity of 1*62, and is very rarely procured. In 
general the strong acid consists of three atoms of 
water and two of acid. This has a specific gravity 
of 1-50. 

Nitric acid is, when pure, without colour. When 
exposed to the air it fumes, and if exposed to direct 
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solar light it is decomposed, being converted into 
nitrous acid and oxygen. Tliis decomposition is pro- 
duced at once by passing the acid in a state of vapour 
through a red-hot porcelain tube. Several of the 
non-metalhc combustibles^ as charcoal, phosphorus, 
sugar, &c., and also many metals, rapidly decompose 
it and appropriate its oxygen. Hence, when it is 
wished to oxidise a substance, nitrie acid is very 
frequently employed. 

Applied to animal substances nitric acid forms 
compounds of a yellow colour, as is exemplified if a 
drop of it fall upon the hand. On account of this 
property it is employed for stamping yellow patterns 
on woollen table cloths. 

The presence of nitric acid is easily detected. It 
is known by its producing red fiimes when brought 
into contact with copper. These red fumes are of 
course those of nitrous acid. Passed into a solution of 
protosulphate of oxide of iron it forms a peculiar olive- 
brown coloured liquor. This is owing to one portion 
of the protosulphate reducing the acid to the state of 
nitric oxide, which then combines with the remainder 
of the salt of iron. Nitric acid also strikes a deep 
red colour with morphia. 

Nitric acid is extensively used in the arts. 



XL Boron. 

Boron was first obtained by Davy, who procured 
it by exposing boracic acid to the action of a voltaic 
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battery; but it is now prepared by the action of 
potassiam upon fluoborate of potash. This last-men- 
tioned salt consists of fluoride of boron united to 
fluoride of potassium; and when the potassium is 
added to it all the fluorine passes to it^ leaving the 
boron free. 

Boron is a dark olive substance^ devoid of taste or 
smelL It does not conduct electricity, is not soluble 
in water, and is not acted upon by any of the adds 
except nitric, which parts with some of its oxygen to 
it, and converts it into boradc acid. 

Its atomic weight is about 11, and its symbol B. 

The compounds of boron mentioned in this section 
are as follow : — 



1. Boradc acid - Boron 1 atom=ll+ Oxygen - 3 atoms 24a 35 B+30. 

2. Ftmoride qf boron Boron 1 atomsIl+Fluorine 3 atoms 56= 67 B+3F. 

3. Chloride qf boron Boron 1 atomall+Cblorine 3 atoms 106=117 B4-3CL 



1. BoRACic Acid. 

Boracic acid is found in certain springs in India 
combined with soda, and called in c(Hnmerce tincal. 
It also occurs free in the lagoons of Tuscany, and is 
a constituent of two or three minerals. It is usually 
prepared by adding sulphuric acid to a hot solution 
of borate of soda. The sulphuric acid unites with 
the soda, and the boracic acid falls down in shiny, 
scaly crystals. As, however, it still retains a little 
sulphuric acid and sulphate of soda, it requires to be 
purified by a second solution and crystallisation. 

Boracic acid thus prepared contains water, every 
atom of it being associated with three atoms of that 
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fluid. This hydrated acid is very much more soluble 
in hot water than in cold. Boiling alcohol also freely 
dissolves it ; and this solution when set on fire bums 
with a beautiftil green flame, a property which is quite 
characteristic of this acid. Boracic acid is a very feeble 
acid, it does not redden litmus ; a strong solution of it 
browns turmeric like an alkali, and its salts (called 
borates) are very easily decomposed. 

If the hydrated acid be heated the water is driven 
off and the add melts. On cooling it forms a hard, 
transparent, vitreous substance, called glacial boracic 
acid. It is extremely fusible, and communicates that 
property to the substances with which it unites, and 
is hence much used as a flux. 



2. Fluoride of Bobok. 

This is sometimes called fluoboric acid. It may 
be prepared by decomposing fluor spar by means of 
vitrified boracic acid. Oxygen and calcium unite 
together and form lime, which allies itself with the 
boracic acid, and forms borate of lime, and a part 
of the fluorine and of the boron unite and form the 
compound in question. 

It is a gas that is very rapidly absorbed and de- 
composed by water, hydrofluoboric acid beiug gene- 
rated. 

When exposed to the air, if moisture be present, 
dense white fumes are produced^ owing to its being 
decomposed and boracic and hydrochloric acids be- 
ing formed. 
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3. Chlohide of Boron. 

This is a transparent colourless gas, remarkable for 
its great specific gravity, which is 4076. 



XII. Silicon. 



This element is very widely distributed in nature, 
and forms perhaps one sixth of the crust of the globe. 
It is, however, always united with oxygen, forming 
silicic acid, or in popular language sand.* It enters 
into the structure of many vegetables, but never oc- 
curs in animals. 

Silicon may be obtained by heating dry silicic acid 
along with potassium. The potassium unites with 
the oxygen and forms potassa, which unites with a 
portion of the silicic acid and becomes silicate of 
potassa. The free silicon may then be obtained pure 
by washing with water. 

Silicon is a dark brown substance, without any 
metallic lustre, audit does not conduct electricity. It 
is insoluble in water, not readily acted upon by liquid 
re-agents, and if strongly heated in air or oxygen 
combines with the oxygen, forming silicic acid. 

Its atomic weight is 22, and its symbol Si. 

* Besides common sand, which is disintegrated silicious rock, 
silicic acid is the principal ingredient in quartz, flints, agates, 
and many other minerals. 
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The compounds of silicon noticed in this chapter 
are as follow : — 



1. Saicicaeid' - Silicon 1 atom 22+ Oxygen - 8 atoms 24= 46 Si+30. 

2. Chloride qf tilioon SUicon 1 atom 22+Chlorine 3 atoms 106=129 Si+3CI. 

3. Fhuride of $iUcon Silicon 1 atom 23+Flaorine 3 atoms 66^78 Si+3F1. 

4. Hf/drqfiuotOicie add A double fluoride of hydrogen and>llicon. 



1. Snjcic Acn>. 

This exists pure in the form of quartz^ and, com- 
bined with other substances, in great abundance in 
many other minerals. It is remarkably hard, and if 
it be desired to obtain it in powder, it is necessaiy to 
heat it to redness, and throw it in that state into water. 
It may then be powdered in an agate mortar. It may 
be procured in a state of much more minute division 
by melting in a platinum crucible equal weights of 
carbonate of soda and potassa, and then adding pow- 
dered flint in small quantities at a time. Carbonic 
acid is given off, and the silica unites with the alkalis, 
and silicates of soda and potassa are formed. These 
are then dissolved in water, and to the solution hydro- 
chloric acid is added ; this unites with the bases, and 
hydrated silicic acid is precipitated. This, when 
dried, is a white powder; still, however, gritty to the 
feel. Another mode of obtaining silica in a still more 
minute powder is to bring fluoride of silicon in contact 
with water ; upon which a portion of the water is 
decomposed, and fluoride of hydrogen and silica are 
produced. 

Silica has a specific gravity of 2*6. It is mfusible 
by the most powerful wind furnace, but yields before 
the oxy-hydrogen blowpipe. Silica once dried is quite 
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insoluble in water ; but in its bydrated condition it is 
soluble to a certain extent^ and many waters contain 
traces of it, and it is considered probable (Kane) that 
most of the silica of this world was originally in a 
soluble state. 

Silica is not sour to the taste, neither does it affect 
vegetable colours ; but it unites readily with bases 
forming silicates. As will be more immediately seen 
in Book II., these silicates occur very abundantly in 
the structure of the globe. 

Silica is very much used in the arts. Glass, porce- 
lain, stone, and china, are all artificial silicates. 

2. Chlobide of Silicon. 

This compound is not of importance. It is a 
colourless, volatile liquid. 

3. Fluobide of SnjcoN. 

In order to prepare this, fluoride of calcium (flaor 
spar) sand and sulphuric acid are mixed together and 
heated. The oxygen of the silica unites with cal- 
cium, forming lime, to which the sulphuric acid 
attaches itself; while the silicon and fluorine com- 
bine and form the compound now imder our notice. 
It is a colourless and transparent gas, which extin- 
guishes flame. The specific gravity is 3*6. It must 
be collected over mercury, as it is very powerfully 
acted upon by water. When it mixes with the air, 
white fumes are produced, owing to silica being 
formed by thew^atery vapour being decomposed. 
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4. Htdbofluosilicic Acid. 

Skilful management is required to make this com- 
pound. The fluor spar is introduced into the glass 
vessel a {fig. 36.), which is placed in a sand bath ; 
stdphuric acid is poured into it by means of the sy- 
phon funnel, and the gaseous fluoride of silicon that is 

Fig. 36. 




evolved is conducted into the vessel 6, which contains 
water. If, however, the gas opened directly into the 
water, so much silica would be immediately formed 
as to instantly stop up the tube ; a quantity of mer- 
cury, therefore, d, is placed at the bottom, and the 
end of the tube made to dip into it. In consequence 
of this arrangement the gas bubble does not reach the 
water until quite separated from the tube, and when 
it emerges from the mercury becomes converted into 
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a little bladder of silica. When the water has be- 
come thick^ the process is stopped^ the flaid strained, 
to remove the silica^ and the fluid then obtained is a 
solution of the acid under consideration. 

The changes that take place in this process are ex- 
hibited in the following table : — 

Fluoride of lUlcon \ f[SSL— '^::^--^;~ — r:^:^ SiUca. 

Fluoride of .ilicon[|S2J^r ^^^^T 

Water - -[HyJfogen — ^^^^ Hydrofluosilidc idd. 

This acid is valuable as a test for potassa and 
baryta. 
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CHAP. VIL- 

THK METALS, AND THEIB BIKART COMPOUNDS WITH NON- 
METALLIC ELEMENTS. 

A METAL is an elementary substance, characterised 
by conducting heat and electricity, and by reflecting 
light. This last property gives metals a peculiar lustre, 
named the metallic. 

All the metals, when pure, are tasteless, although 
their salts have often very strong and disagreeable 
tastes. In colour they vary a good deal ; silver is white, 
gold yellow, copper red, and the remainder bluish 
white or grey. The different metals, too, are of very 
different specific gravities. Platinum, for example, 
is twenty-one times heavier than water, and potassium 
is lighter than that fluid, and consequendy swims 
upon its surface. The metals commonly used have 
generally a specific gravity of about six or eight times 
that of water. 

At ordinary temperatures all the metals save one, 
namely mercury, are solid, but by heiat they can all 
be rendered fluid; but they require a very wide 
range of temperature to liquefy them. Potassium, for 
example, melts at a heat below that of boiling water, 
tin at less than a red heat, while platinum only yields 
under the intensity of the oxy-hydrogen blowpipe. 

Most of the metals are fixed in the furnace ; but 
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seyen^ mercury^ zinc, cadmium, arsenic, tellurium, 
potassium, and sodium maj be volatilised. 

The malleability and ductility of many of the me- 
tals are put to very useful purposes in the arts. A 
malleable metal is one that may be rolled or beaten 
into thin leaves, and a ductile, one that may be drawn 
into wires. Of all metals gold is the most malleable ; 
and gold leaf, as it is called, may be procured of the 
almost incredible size of ■ -_\_, in thickness or 
rather thinness. The most ductile metal is platinum> 
the wire of which may be made the ^q\^qq of an 
inch in diameter. Some of the metals are neither 
malleable nor ductile,, but this as well as other pecu- 
liarities in this respect will be considered under their 
proper heads. 

Generally speaking metallic bodies have a strong 
affinity for oxygen, and if exposed to the air, espe- 
cially if the air be damp, unite with oxygen and 
become converted Into oxides. The degree of affinity 
however that metals show foroxygen varies verymuch. 
That of potassium and others is so strong, that water is 
decomposed by them with great effisrvescence, even 
at a temperature of 32^ Others, again, as manganese, 
&c,, can only appropriate the oxygen of water at a 
temperature of 212°; a third class, including iron and 
tin, do not decompose water save at a red heat, or 
unless strong acids are present ; while others, again, 
as silver, gold and others, do not decompose water 
under any circumstances. 

Many of the metals combine with oxygen in more 
than one proportion. The protoxides (as the suboxides) 
are almost invariably strong bases, uniting with acids 
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to form neutral salts. The protoxide of arsenic is an 
exception to this^ as it has a decidedly acid action ; 
and hence in some works upon chemistry this element 
is ranked among the non-metallic substances. The 
peroxides of the metals are either neutral or acid ; 
and when, as is sometimes the case, the degree of ox- 
idation becomes very great,, these compounds become 
highly acid, and by uniting with bases form salts. 

Sometimes, indeed, metallic oxides unite together 
very much after the fashion of acids and bases, and pro- 
duce compounds that are very similar to neutral salts. 
Metals unite with chlorine, forming chlorides, even 
more readily than they do with oxygen. They also 
readily unite with iodine and bromine, thereby giving 
rise to iodides and bromides. 

. Their tendency to unite with sulphur is also very 
great; and the sulphurets so formed are opaque, brittle 
solids, many of which have a metallic lustre. The 
protosulphurets in general may be exposed to an 
intense heat without being decomposed; but those 
that contain more than one atom of sulphur lose part 
part of it when strongly heated, and all of them 
can be decomposed by the combined action of air (or 
oxygen) and heat. 

It is necessary also to state that hydrogen combines 
with zinc and another metal or two ; that many phos- 
phurets occur in nature, or may be formed ; and that 
there is one important carburet, the carburet of 
iron or steel. 

The metals are found in nature in very different 
states. Some are found pure, or native as it is 
termed; others are mixed, or alloyed with other 
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metals. Manj chlorides^ iodides and phosphurets 
are also found as minerals ; but the greatest portion 
of natural metallic compounds^ or ores as they are 
called, are either oxides or sulphurets. 

The mode of extracting the different metals from 
their ores belongs to Book IV.; but some general 
observations upon the separating of the pure metal 
from oxides and sulphurets will be proper here. 

Metallic oxides suffer reduction^ as it is termed, in 
various ways. 

1st By the application of heat alone. By this 
oxides of gold, silver, &c., may be separated into 
oxygen, which is given off as gas, and the metal. 

2nd. By the galvanic battery. This is the most 
effectual deoxidiser of any. 

3rd. By the united agency of heat and combusti- 
ble matter. In this manner, if we transmit a stream 
of hydrogen over oxide of iron heated to redness in 
a porcelain tube, the oxygen and hydrogen unite to 
form water, and the pure metal is separated. Car- 
bonaceous matter is very efficacious in a similar man- 
ner, and potassium may be obtained from potassa by 
heating this latter substance along with charcoal. In 
this instance, of course, besides potassium, carbonic 
acid is formed. A plan similar to this is generally 
used in the arts, wood or coal being the combustible 
employed. 

4th. By the action of deoxidismg agents on metal- 
lic solutions. Thus, if phosphorous acid be added to a 
liquid containing solution of oxide of mercury, the oxy- 
gen unites with the phosphorous acid, and the two form 
phosphoric acid, the metallic mercury being set free. 
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The metal^ in the case of some metallic solphurets, 
may sometimes be separated b j melting the one along 
with a metal that has a stronger affinity for snlphnr. 
Thus, metallic arsenic may be obtained by melting its 
snlphnret with iron. Snch a plan is only applicable 
on a small scale. 

The metals are now nsually arranged in accord- 
ance with their affinity for oxygen^ as is indicated by 
the facility with which they decompose water. 



A« Potassium 
Sodiam 
Lithium 
Barium 
StTontiam 
Calcium 
Magnesium 

B.* Aluminum 
Glucinnm 
Tiiorium 
Ittrium 
Zirconium 
Tfftntb n"*"" 
Cerium 
Manganese 

C. Iron 
Nickel 
Cobalt 
Zinc 

Cadmium 
Tin 

Chromium 
Vanadium 

D. Tungsten 
Molybdenum 
Osmium 
Columbium 
Titanium 
Arsenic 
Antimony 
Tellurium 
Uranium 



This first dass of metak comfsto^of 
water with efltairesceoce, at 38°. 



those that, decompose 



This second dass of metals consists of those that decon^ose 
water rerj far bdow a red heat, bat not bdow about 213^. 



This third class consists of metals which do not decompose 
water, except at a red beat, or at common temperatures when 
in contact with strong acids. 



This fourth class consists of metals which decompose water 
,at a red heat, but which do not decompose it at common 
temperatures, even when in contact with strong adds. 



Copper 1 The fifth class constats of metals which decompose, although 
Lead [ very feebly, water at a red heat, but the oxides of which are 

Bismuth J not reducible to the metallic state by heat alone. 



F* Silver 
Mercury 
Gold 

Palladium 
Platinum 
Rhodium 
Iridium 



The sixth class consists of metals which do not decompose 
water under any clrcumstancesi Their oxides are reducibM 
by heat alone. 



U 2 



164 PHASIS OP MATTER. Book L 

The old nomenclatare and arrangement of the 
metals, although never systematically used now, is 
still frequently referred to, and a knowledge of it is 
indispensable to the understanding of old chemical 
works. 

Those metals that do not oxidate on exposure to the 
air, and whose oxides are reducible by heat alone 
(gold, silver, &c.), were called the noble or perfect 
metals; all the other were denominated imperfect 
metals. Only the oxides of the first two of the above 
enumerated classes (A. p. 163.) were known to the 
antients, and potassa and soda were termed alkalis. 
To these they joined ammonia (see Book III.), be- 
cause these three substances agreed in being soluble 
in water, and neutralising the strongest acids; in 
changing vegetable yellows to browns, and reds and 
blues to greens. Ammonia was sometimes called the 
volatile alkali, and the other two the fixed alkalis. 
Ammonia, being obtained from the putrefaction of 
animal matter, was often also called the animal al- 
kali; soda, being procured from the earth, was the 
mineral alkali ; and potassa was the vegetable alkali, 
because its usual source was, as it is, the ashes of 
plants. 

Magnesia and alumina were termed earths, and 
silica was classed along with them. Lime, barytes, 
and strontia were called alkaline earths, because they 
were soluble in water, formed salts with acids, and 
turned brown, yellow vegetable colours. They were 
distinguished from the alkalis proper by the inso- 
lubility of their carbonates. 

We now proceed to the consideration of the par- 
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ticular metals, and their binary compounds with the 
non-metallic elements. 



(A.) I. Potassium. 

Potassium occurs very abundantly in nature, but 
never in a free state, being always combined with 
oxygen (forming potassa). It is a constituent of a 
great many minerals, and is essentially present in all 
fertile soils. It is a necessary ingredient in the struc- 
ture of animals and plants, and is returned to the soil 
by the decomposition of these. 

Potassium was discovered by Davy in 1807. He 
obtained it by subjecting potassa to the action of a 
powerful voltaic battery, upon which the oxygen was 
detected at one pole, and the potassium at the other. 
The usual mode of procuring it now is by the deoxi- 
dising effect of heat and charcoal upon potassa. 

Potassium is a bluish white metal, hard and brittle 
at 32°, and soft and malleable at 50°; fluid'at 150% 
and volatilised at a temperature below a red heat. 
At 60** its density is '860, so that it is considerably 
lighter than water. It is quite opaque, and conducts 
heat and electricity well*. 

Its most prominent chemical property is its very 
strong affinity for oxygen. In contact with the air 
or with gas, or fluid that contains oxygen, it is rapidly 
oxidated ; and must therefore be kept in some fluid, 
as naphtha, of which this element is not an ingredient. 
The moment that it touches water it decomposes it, 
and so much heat is disengaged, that the potassium 
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takes fire on the surface of the water. The greater 
portion of the potassium combines with the oxygen 
of the water ; but a portion unites with the liberated 
hydrogen, forming a hydruret of potassium, which 
also takes fire. If the potassiimi be plunged right 
under the surface of the water, there is violent re- 
action, but no flame; and pure hydrogen gas is evolved. 

Its symbol is K, and its atomic weight 39. 

The compounds of potassium mentioned in this 
section are — 

'• ^22?«m "^ '^:} Composition uncertain. ''"""^ 

^' ^SSSSf -**^ '^jPoteMium I atom 39+Oxy««n - 1 atom 8= 47 K+O. 
'* "^wSm ^ '^^l] Potassium 1 atom 89+ Oxygen - 3 atoms 24« 63 K+30. 
*' ^w** ^'^'^j Potassium 1 atom 39+ Chlorine 1 atom 35= 74 K+Cl. 

5. ladiiU qf P«<«- ? Potassium 1 atom 39+IodIne - 1 atom 126=al65 K+I. 

itutn - -J 

6. Sulpkuret qf potassium. There are fire sulphurets. 

1. Htdruret of Potasbiuh. 

Two compounds (perhaps of the nature of alloys) 
are formed by hydrogen and potassium ; the one a 
gas that spontaneously bums in air, and the other a 
solid which does not spontaneously burn. Neither of 
them is of importance. 

2. Pkotoxide of Potassium, ob Potassa. 

This compound is always formed when potassium 
is put into water, or into air or pure oxygen. In the 
former of these cases it is obtained as a hydrate, in 
the latter in an anhydrous state. 

Anhydrous potassa is a white, solid substance, in- 
tensely caustic, and having a strong affinity for water. 
Indeed, the causticity depends upon its destroying any 
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structure to which it is applied, by abstracting from it 
all its water. In the arts it always exists as the — 



Hydrate of Potaua. 

A solution of this, called liqiuyr potassce, is made by 
adding fresh burnt lime to a solution of carbonate of 
potassa. The lime abstracts carbonic acid from the 
carbonate of potassa, and the potassa, thus set free, 
dissolves in the water. 



Water 

Carbonate of potas- C Potassa, 1 atom - 4& 

sa, 1 atom, 70 - / Carbon, acid, 1 atom 22- 
Lime, I atom, 28 



..Liquor potassc. 



-Carbonate of lime, 
1 atom, 50. 

Fig. 37. 



The carbonate of lime is sepa- 
rated by filtering. Notwithstand- 
ing the carbonate of potassa parts 
with its carbonic acid to the lime, 
it has a strong affinity for that 
acid ; and as carbonic acid always 
exists in the air, it is necessary to 
filter its solution in vessels con- 
taining as little air as possible. 
This is efiected by using the ap- 
paratus. Jig, 37. A and D are 
two vessels of equal capacity, the 
bottom of A being a funnel open- 
ing into D. c is a glass tube, one 
end opening into each at h and e. 
cork the joinings are all made air-tight. Into the 
throat of the funnel pipe some coarse linen is placed, 
the solution is then poured into A at 6, and the tube 
adjusted. In this manner there is not any exposure 
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to more air than was contained in the vessel at the 
beginning of the process. 

Solution of potassa thus obtained is very caustic, 
and highly alkaline. It is a limpid, colourless fluid, 
without smell. When prepared according to the 
London Pharmacopoeia it has a density of 1*063, and 
contains rather less than five per cent of potassa. 

The protohydrate of potassa (the lapis infemalisy or 
potential cautery of the older authors) is obtained by 
evaporating the solution in a silver or iron capsule. 
When all the water, save the one atom attached to 
each one of potassa, is driven off, the hydrate is poured 
into moulds, where it solidifies. 

Potassa, like the other alkalis, forms soaps with 
animal and vegetable oils. This subject will be re- 
curred to in Books III. and IV. 

Potassa, when free or combined, is recognised by 
its not giving a precipitate with hydrosulphurets and 
carbonates, and by tartaric and perchloric acids pre- 
cipitating with it tartrates and perchlorates. Chloride 
of platinum also throws down a yellow precipitate 
with potassa or potassa salts. 

3. Peroxide of Potassium. 

This may be formed by burning potassium in an 
excess of oxygen. It is a yellow powder, which on 
meeting with water is immediately resolved into po- 
tassa and oxygen. It is of little importance. 

4. Chloride of Potassium. 

This compound is formed when potassium bums in 
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chlorine, and also when hydrochloric acid acts upon 
potassa ; the results in the latter being water and the 
compound in question. It is also the residue when 
chlorate of potassa is decomposed by heat (see p. 98.). 
This chloride was formerly called the febrifuge salt 
of Sylvius, and in common language, even at present, 
is named the muriate of potassa. It has a saline 
and bitter taste, is insoluble in alcohol, but dissolves 
in three parts of water at 60**, and in less of boiling 
water. It is obtained as a residue in various chemical 
processes, and is used in the manufacture of alum. 

5. Iodide of Potassium. 

Iodide of potassium is formed with evolution of heat 
and light when potassium is heated in contact with 
iodine. It is the sole residue also after decomposing 
iodate of potassa with heat, in a manner analogous to 
the decomposition of chlorate of potassa, noticed in 
the preceding paragraph. By neutralising potassa 
with hydriodic acid it may be obtained in solution. 
Another mode of procuring it, and the one ordered by 
the Pharmacopoeia, is to digest iodine with iron filings 
in water, and to decompose the resulting iodide of 
iron with as much potassa as sufficient to precipitate 
the oxide of iron. 

Iodide of potassium fuses when heated, and vapor- 
ises at a heat below redness. It is very soluble in 
water and alcohol. It has no smell, but has an acid 
saline taste. It is often much adulterated. It con- 
sists of one atom of iodine and one of potassium. It 
is extensively used in medicine. 
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6. SULPHUBETS OF POTASSIUM. 

There are five sulphurets of potassium^ any of 
which may be formed by heating the two elements 
together. More economical modes are, however, 
adopted. 

The ^^rsulphuret may be prepared by fusing at a 
low heat one part of sulphur and two of carbonate of 
potassa. Carbonic acid gas is driven off with effer- 
vescence ; a portion of the sulphur unites with some 
of the oxygen contained by the potassa, forming sul- 
phuric acid ; and this unites with the undecomposed 
potassa, giving rise to the sulphate of potassa ; while 
the remaining sulphur and the potassium of the de- 
composed potassa, by their union, form the tersul- 
phuret of potassium, or liver of sulphur, as it used to 
be called. 

This is a liver-brown, deliquescent substance, oc- 
casionally used in therapeutics. If a solution of it be 
treated with an acid a curious set of changes occurs ; 
the water is decomposed, and its hydrogen unites 
with some of the sulphur, and forms sulphuretted 
hydrogen, and the oxygen joins with the potassiunij 
the result being potassa ; the remaining sulphur then 
falls down in a state of very minute division, and of a 
cream colour, and constitutes the lac sulphw'is of the 
apothecary. 



II. Sodium. 

Sodium or Natrium occurs, although always in 
combination, most abundantly in nature. It is the 
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principal saline ingredient in the waters of the ocean, 
and occurs in many minerals, and as a constituent of 
animal and vegetable structures. 

Its discovery was made by Davy a few days after 
that of potassium. He procured it from soda, by 
means of galvanism ; but it is now obtained by a 
process exactly similar to that just mentioned under 
potassium. 

Sodium has a metallic lustre very like that of silver. 
At common temperatures it is soft, at 200° it melts, 
and it vaporises at a red heat. Its specific gravity 
is "972, and it therefore swims upon water. When 
thrown upon that fluid it is rapidly oxidated, but it 
does not inflame like potassium, unless the water be 
hot, or if the bit of metal be prevented from moving 
about. 

Its symbol is Na, and its atomic weight 23. 

The compounds of sodium described ia this section 
are — 

Formula. 

1. Protoxide cfgodiftm - Sodium 1 atom 23-1- Oxygen- 1 atom 8=31 Na+O. 

2. Chloride qf sodium - Sodium 1 atom 23+ Chlorine 1 atom 35=58 Na+CI. 

3. StU^uret qf sodium • Sodium 1 atom 23+ Sulphur • 1 atom 16=39 Na+S. 

1. Protoxide of Sodium. 

This is commonly called soda, and is prepared from 
the carbonate of soda exactly in the same manner as 
potassa from carbonate of potassa. 

In its properties soda resembles potassa ; but it is a 
weaker alkali, and all its salts are decomposed by 
potassa. 

Soda may be distinguished from the other alkaline 
bases, 1st, by yielding, with sulphuric acid, a salt 
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easily known by its taste and form to be sulphate of 
soda or Glauber's salts ; 2nd, by all its salts bemg 
soluble (none, therefore, ever being precipitated) ; and, 
3rd, by its salts burning, when exposed to the blow- 
pipe, with a yellow colour. 

There is a peroxide of sodium, but it is of no im- 
portance. 

2. Chlobide of Sodium. 

This is the common salt of the vernacular. As 
sea water contains, on an average, two and a half 
per cent of it, the quantity in this form of solution 
must be enormous. Salt or brine springs, too, are 
very common, especially in the transition and cre- 
taceous formations. Indeed nearly all spring water 
contains more or less of it. It is very extensively 
used as a necessary article of food, living structures 
essentially containing it. 

The salt consumed in this country is procured by 
evaporating the water of the brine springs. Of these 
that in Cheshire is perhaps the most important. The 
brine is pumped into evaporating pans, to which heat 
is applied. Various commercial kinds of salt are 
thereby obtained, which, as well as those obtained 
from sea water, will be noticed in Book IV. 

Chloride of sodium may, if wished, be formed either 
by the direct union of its elements, or by decomposing 
hydrochloric acid by carbonate of soda ; the result 
of the latter process being, of course, chloride of 
sodium and water. 

Chemically pure chloride of sodium has a pleasant. 
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pure saline taste. It is permanent in the air, but if, 
as usually is the case, it contains magnesian salts, it 
is deliquescent At a red heat it fuses, and upon 
cooling it becomes a transparent brittle mass. It 
dissolves in two and a half times its weight of water 
at 60^ ; but its solubility is not increased at higher 
temperatures. It is anhydrous, but a quantity of 
water is usually inclosed between its crystals ; and 
hence, if thrown upon the fire, it decrepitates, owing 
to this water being converted into vapour and splitting 
the crystals. 

There is an iodide of sodium prepared in a manner 
analogous to the mode of formation of iodide of po- 
tassium. 

3. SULPHUBET OF SODIUM. 

There is more than one sulphuret of sodium, but 
the protosulphuret only has been studied. It may be 
formed by the direct union of its constituents, and is 
chiefly interesting from its being a constituent of 
lapis lazuli. Artificial ultramarine may be prepared 
by heating this substance along with a mixture of 
silica and alumina. 



III. Lithium. 

This element is the metallic base of lithia, and is 
only present in a very few minerals. It is only a 
subject of interest to professed chemists. 
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IV. BABniM. 

This metal is only found (and then always com- 
bined) in the mineral kingdom^ and never as a con- 
stituent of animal or vegetable structure. Even in 
the mineral world it is not very abundant. 

It was separated from its oxide by Davy, who em- 
ployed the galvanic battery for the purpose. It is a 
dark gray-coloured metal, much heavier than water. 
Like potassium and sodium, it has a strong affinity 
for water, and if exposed to the air or water, becomes 
rapidly oxidated. 

Its symbol is Ba, and its atomic weight 68. 

The compounds of barium described in this section 
are as follow : — 



1. Proitueide qf barium - Barium 1 atom 68+ Oxygen 1 atom 8=76 Ba+O. 
a. Stapkurett(f barium • Barium 1 atom 68+SuIphur 1 atom 16=84 Ba+&* 



1. Frotozedb of Bariuie, OB Babytes. 

This is so named from ^apm heavy ^ owing to the 
great weight of the minerals that contain it. It was 
discovered by Scheele in 1774. It is best prepared 
by heating the nitrate of barytes in a crucible, upon 
which the heat expels all the nitric acid. 

Barytes is a grey powder, having a specific gravity 
of about 4. It has a caustic, alkaline taste ; converts 
vegetable blues to greens, and neutralises the strong- 



♦ Other binary compounds of barium with the non-metallic 
elements are the peroxide, the chloride, the iodide, &c. 
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est acids. It is, however, much less caustic and 
much less soluble in water than potassa and soda. 

Baryta has a remarkable affinity for water ; and 
combines with that fluid with noise and the evolution 
of great heat, accompanied sometimes with incandes- 
cence ; the result being the formation of a hydrate of 
barytes. 

An aqueous solution of barytes is a good test, of 
the presence of carbonic acid in the air. The car- 
bonic acid unites with it, and falls down to the bottom 
as a white, insoluble carbonate of barytes. 

All the soluble salts of barytes are poisonous to 
man. 

Barytes is distinguished from all other substances 
by, 1st, dissolving in water and forming an alkaline 
solution; and, 2nd, by all its soluble salts being 
precipitated as white carbonate of barytes by alka- 
line carbonates and as sulphate of barytes (which is 
insoluble in acid or alkaline solutions) by sulphuric 
acid or a soluble sulphate. 

2. SuLrHUEBT OP Barium. 

This is prepared by heating heavy spar, which is 
sulphate of barytes, along with charcoal. The char- 
coal combines with the oxygen, forming carbonic 
acid, and sulphuret of barium is left behind. It is 
principally used as a source of the other preparations 
of barium. Thus, to obtain the chloride the sul- 
phuret is dissolved in hydrochloric acid, the result 
being sulphuric acid and the chloride of barium. 
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V. Strontium. 

At Strontian, in Argyleshire, a mineral occurs which 
was proved by the late Professor Hope to be the 
carbonate of a new earth, to which he gave the name 
of strontia. Subsequently this earth was found to 
be the protoxide of a metal, strontium. 

Strontium and its compounds are exactly ana- 
logous with barium and its chemical combinations. 
Strontia is remarkable for communicating to flame a 
splendid crimson colour, and hence it is used by the 
makers of fireworks, and also for producing red signal 
lights. 

Its symbol it Sr, and its atomic weight 44. 



VL Calcium. 

The existence of this metal was established by 
Davy, who procured it from lime by a process similar 
to that in which barium is obtained. It is a white 
metal, sinks in water, and is rapidly oxidated by 
that fluid. 

Its symbol is Ca, and its atomic weight 20. 

The compounds of calcium described in this section 
are as follow : — 

1. Protoxide qf calcium - Calcium 1 atom 20+ Oxygen- 1 atom 8=28 Ca+0. 

a. Peroxide of caicium - Calcium 1 atom 20+Oxygen- Satoms 16=36 Ca+20. 

3. Chloride qf calcium . Caicium 1 atom 20+ Chlorine 1 atom 35=55 Ca+Cl. 

4. Fluoride qf calcium - Calcium 1 atom 20+ Fluorine I atom 18=39 Ca+F. 

5. Sulphuret qf calcium. There are three sulphurets. 

6. Photphuret qf calcium. 
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1. pEOTOxmE OF Calcium, oe Lime. 

This important earth is most widely distributed in 
nature. In the inorganic kingdom it is principally 
associated with sulphuric and carbonic acids^ form- 
ing vast beds of gypsum^ limestone^ and chalk. It is 
also found combined with fluorine^ phosphoric and 
arsenious acids. United with phosphoric acid it forms 
the bones of the higher animals^ and with carbojiic 
acid the shells of the lower. Indeed, the vast moun- 
tains and deposits of carbonate of lime, or limestones, 
are nothing but the aggregated shells of myriads of in- 
vertebrated animals that once lived in these localities. 

Protoxide of calcium, lime or quick lime, is always 
obtained from the native carbonate. To obtain it 
perfectly pure, pieces of Carara marble should be 
placed in a crucible (loosely covered, that the carbonic 
acid may escape), and heat Fig, ss. 

applied. The carbonate of 
lime is of course resolved into 
lime and carbonic acid, which 
latter passes away. On the 
large scale lime is obtained by 
burning it in kilns such as 
that shown vajig. 38. a is the 
fireplace upon which the fuel 
is placed, h the opening for the 
draught of air o, and d the 
ash-pits. The carbonate of 
lime is introduced at the top ; ^^^S 
and the lime, freed from the 
carbonic acid, is taken out at e and/. The flame only 
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enters the kiln, and then no ashes from the fiiel mix 
with the lime. 

Lime is a brittle, white earth, having a specific 
gravity of 2*3. When heated to full re4ness it be- 
comes powerfully phosphorescent. It is one of the 
most infusible bodies known, being fused with diffi- 
culty even by the heat of the oxy-hydrogen blowpipe. 
It has a very strong affinity for water, with which 
substance it forms a white hydrate, the combination 
being attended with so much heat as to char wood 
and inflame gunpowder. In this manner ships 
freighted with lime have been set on fire by water 
penetrating to the hold. This hydrate of lime is in 
common language called slaked lime. 

Hydrate of lime consists of one atom of lime and 
one of water. It is very slightly soluble in water, 
and, a very singular fact, it is more soluble in cold 
water than in hot. Thus, one grain of lime requires 
for solution — 

778 grains of water, at 60°, 
972 do. do. 130O, 
1270 do. do. 2120. 

In consequence of this property, on heating a so- 
lution of lime water that has been made in the cold, 
lime is deposited. 

The solution of hydrate of lime is called lime water. 
It has a harsh, acrid taste, and converts vegetable blue 
colours into green. It has a strong affinity for car- 
bonic acid, and forms with it an insoluble carbonate. 
Hence it should be protected from the air. Carbonate 
of lime, however, is soluble in an excess of carbonic 
acid, and it is in this manner that a small quantity of 
carbonate of lime is held in solution by almost all 
spring water. 
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The most delicate test for salts of lime is oxalate 
of ammonia. On adding this substance to a solution 
of salt of lime, insoluble oxalate of lime is thrown 
down. Oxalic acid only forms an insoluble salt with 
lime, barytes and strontia. That it is the oxalate of 
lime is easily proved by dissolving it in nitric acid 
and evaporating. The nitrate of lime thus obtained is 
deliquescent, and soluble in alcohol, while the nitrates 
of barytes and strontia are neither. 

Salts of lime, when heated before the blowpipe, 
communicate to the flame a dull brownish red 
colour.* 

2. Peeoxidb op Calcium. 

This may be prepared by adding deutoxide of hy- 
drogen to lime water. It is of no importance. 

3. Chloride of Calcium. 

This substance exists in sea water and many saline 
springs. It may readily be formed by dissolving 

* Lime is of great importance in the arts as mortar, and as 
an application to the soil to increase its fertility. 

Mortar consists of lime, sand, and hair. The sand prevents 
the irregular cracking of the lime as it dries, and the bits of 
hair serve to bind the whole mass together. The coherent 
property of the mortar depends upon the hydrate of lime 
graduaUy drying, so that the stones are retained together in 
the same manner that boards are by the drying of glue. 

Hydraulic mortar used for subaqueous buildings is an en- 
tirely different substance from common mortar. It is a chemi- 
cal compound of lime, silica, oxide of iron, and alumina. 

The action of lime as a fertiliser is not intelligible until the 
soil and plants have come before our notice. Its consideration 
is deferred until Book IV. 

N 2 
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carbonate of lime in hydrochloric acid. In this de- 
composition the hydrogen of the acid unites with the 
oxygen of the lime^ forming water; the carbonic acid 
is given off^ and the chlorine and calcium unite 
together and dissolve in the water. By evaporation 
of the fluid a hydrate of .chloride of calcium is ob- 
tained. The water may be driven away from this 
by heat, but on exposure to the air it again rapidly 
absorbs water. Indeed, its principal use is owing to 
its affinity for water ; and it is employed to remove 
water from liquids, as in the rectification of alcohol; 
to dry gases ; and to form a frigorific mixture with 
snow. 

4. Fluobtde of Calcium. 

This occurs native, and often accompanies ores of 
lead and tin. It is common in the mines of Derby- 
shire, and is often collected; and many of the specimens 
found in that locality are remarkable for their size 
and the beauty of their colours. Small quantities 
of it are present in all fertile soils ; it is found in the 
structure of vegetables, and forms a small portion of 
the bones of animals. It is rather a curious fact 
that some of the fossil bones have been found to con- 
tain a larger proportion of it than modem bones do. 

It m^y be artificially prepared in a variety of ways. 
It is employed as a flux in metallurgy, for which it 
is qualified, by forming with silicious and aluminous 
minerals fusible compounds, for making vases, and 
as the source to the chemist of fluorine. 

5. SUM^HUEBT OF CALCIUM. 

There is more than one sulphuret of calcium. The 
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protosulphuret is formed by heating together sulphate 
of lime with charcoal All the oxygen, both of the 
sulphuric acid and the lime, combines with the carbon 
of the charcoal, and flies off as carbonic acid. The 
sulphur and calcium that are left combine together, 
forming a white powder with a reddish tint. It 
becomes phosphorescent after exposure to light, and 
has sometimes been called Canton's phosphorus, 

6. PhOSPHUBET of CALCItJH* 

If vapour of phosphorus be passed over quicklime 
at a low red heat, a brown substance is formed that 
consists of a mixture of phosphate of lime and phos- 
phuret of calcium. If these be put into water mu- 
tual decomposition takes place, and phosphate of lime 
and pho^phuretted hydrogen are formed, the latter 
being in the form that spontaneously inflames. 



VIL Magnesium. 

Magnesium, not free, however, but always com- 
bined, occurs very abundantly in nature. It is a 
constituent of many minerals, is always present in 
soil, is present in sea water, and is a necessary ingre- 
dient in animal and vegetable structures. Its ex- 
istence was demonstrated by Davy, who procured it 
by means of galvanism; but the best mode of obtain- 
ing it is that of Bussy, which consists in mixing 
together chloride of magnesium and potassium; upon 
which the chlorine leaves the magnesium for the 

N 3 
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potassium, and the result is chloride of potassium 
and metallic magnesium. 

Magnesium is a hrilliant white metal with a lustre 
resembling that of silver. It is very malleable. It 
fuses at a red heat. It is oxidised by exposure to 
damp air, but undergoes no change when kept in dry 
air. It may be boiled in water without being af- 
fected. K heated to redness in air or oxygen it 
inflames, and its oxide or magnesia is formed. Placed 
in dilute acids it dissolves, hydrogen is liberated, and 
a salt of its oxide is formed, the oxygen having been 
derived from the decomposed water. 

It symbol is Mg, and its atomic weight 12. 

The compounds of magnesium described in this 
section are as follows : — 



** ^*iSm ^ j^'*^'*^; j Magnesium 1 atom 12+ Oxygen - 1 atom 8=20 Mg+0. 
2- ^jj^* f^ *"^} Magnesium 1 atom 12+ Chlorine 1 atom 36=48 Mg+Q. 
'* ^iSS^ ^' *"***] Magnesium 1 atom 12+Bromide 1 atom 78=90 Mg+Br. 



1. OXIDB OF MAGNESIUSi, OR MaONESIA. 

This, the only compound of oxygen and magnesium, 
is a protoxide. It is always obtained by subjecting 
the carbonate of magnesia (a compoimd hereafter to 
be described) to a full red heat, upon which the car- 
bonic acid is expelled and pure magnesia left behind. 

It is a light white powder, having neither taste 
nor smell. It is almost infusible, but, when strongly 
heated, it becomes powerfully phosphorescent It is 
very insoluble in cold water, requiring more than 
5000 times its weight of that fluid at 60° to dis- 
solve it, and, like lime, it is still less soluble in warm 
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water. The solution browns turmeric paper slightly, 
but it neutralises perfectly the strongest acids. 

Magnesian salts are known by their alkalinity, the 
great solubility of the sulphate, and a solution con- 
taining it being precipitated by alkalies. The phos- 
phate of ammonia and soda produces in a liquid con- 
taining magnesia a deposition of crystals of phosphate 
of ammonia and magnesia. 

2. Chlobidb of Magnesium. 

This may be prepared by mixing hydrochloric 
acid with carbonate of magnesia. It is interesting 
only as the source of magnesium. It exists in sea 
water. 

3. Bbobude of Magnesium. 

This, too, exists naturally in sea water, and is of 
importance only as the source of bromine. It may 
be formed artificially by mixing hydrobromic acid 
and magnesia, the result being water and the com- 
pound under notice. It has an extremely bitter taste. 



(B.) VIIL Aluminum. 

This metal occurs very abundantly in nature, but 
always in a state of combination. It may be sepa- 
rated from its chloride in the same manner that 
magnesium is obtained from the chloride of that 
metal. 

It is a grey powder, the scales of which have a 

N 4 



184 PHASIS OF MATTER. Book I. 

metallic lustre. It does not decompose water at or- 
dinary temperatures, and indeed but slowly at the 
boiling point; but it dissolves rapidly in diluted acids, 
hydrogen being given off, and the aluminum being 
oxidated. 

Its symbol is Al, and its atomic weight 13. 

The compounds of aluminum described in this sec* 
tion are as follows : — 

Fonnnla. 
*' *3S«3!ii^ *^, J Aluminum 3atomi aS+Oxygen 3 atoms 24s 50 2A1+3O. 
'• ^SJSSuS'm* ^l Aluminum 2 **<>«»■ K+Chlorine 3 atoms 105=131 2A1+3CU 
** ^S^St^mtS?-] ^*"™*°"" ^ *^"' 26+SuIphur 3 atoms 48=s 74 2AI+3S. 

Sesqui-salts, it may be premised, are salts the ele- 
ments of which do not combine one atom of the one 
with one, two, three, four, &c. of the other ; but ap- 
parently one atom of one combines with one and a 
half of the other. But a half-atom is an impossibility, 
an atom of matter being the last possible division of 
it. Each atom of these compounds, therefore, is be- 
lieved to consist of three atoms of the one constituent 
and two of the other. The name applied to such 
compounds, sesqui, is objectionable, but custom has 
sanctioned it. 

1. Sesquioxidb op Aluminum, ob Alumina. 

This is the only oxide of aluminum, and it exists 
in nature even more abundantly than lime. Indeed, 
with the exception of silica, it is the principal in- 
gredient in almost all known rocks; and as soils are 
formed by the decomposition of superficial rocks, it is 
the principal ingredient in all soils, save a few thin 
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ones formed over the limestones and the sands of 
deserts. The common name^ as it exists in soils^ is 
clay. 

Both in rocks and soils it exists generally combined 
with silicic acid, and also, but much more rarely, with 
the sulphuric and phosphoric acids. Sometimes, in- 
deed, it occurs pure, or at any rate nearly so, forming 
the ruby and the sapphire. It also occurs pretty 
extensively combined with sulphuric acid and potassa, 
constituting the alum of commerce. 

It is from tliis last-mentioned compound that alu- 
mina is procured. To a solution of it carbonate of 
potassa is added; the sulphuric acid, combined with 
the alumina, immediately attaches itself to the potassa, 
carbonic acid being evolved and hydrate of alumina 
precipitated. This hydrate is a gelatinous mass, but 
by heating the water is expelled, and the alumina 
obtained pure. It occupies, however, much less space 
than the hydrate. 

Alumina has neither taste. nor smell, and is quite 
insoluble in water. It is difficult of fusion, but not 
so much so as lime. It has a remarkable affinity for 
water, attracting that fluid from substances that con- 
tain it. It is owing to this property that a piece of 
dry alumina, as a tobacco pipe for example, adheres 
so closely to the lips. It is apparently capable of 
acting both as an acid and an alkali, forming salts 
with acids, and also uniting with the alkaline bases 
as potassa, soda, &c. But in neither of such cases 
are the salts formed neutral with regard to test paper. 

Alumina, mixed with water, becomes a soft tena- 
cious mass, that may be moulded into shapes and then 
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have the water expelled by the application of heat 
This renders it the substance selected for making 
bricks, earthenware, and porcelain. 

Another remarkable and very useful property that 
it possesses is its tendency to unite with almost all 
organic matters, and with the immediate results of 
the putrefactive decomposition of organic matters. Its 
action in the former of these respects is invaluable to 
the dyer ; and, owing to its action in the latter, water 
containing organic matter or ammonia that have been 
formed upon the surface of the earth loses its impu- 
rities ere it can reach the springs. 

Two circumstances distinguish alumina from all 
other substances. First, it is precipitated from acids 
as a hydrate by all the alkaline carbonates and by 
ammonia ; and, secondly, pure potassa or soda preci- 
pitate it; but this precipitate is redissolved by an 
excess of the alkali. 



2. SesQUIGHLOBIDB OT ALUldKUH. 

By dissolving alumina in hydrochloric acid a hy- 
drate of sesquichloride of aluminum is obtained. By 
applying heat to this it is decomposed, and again 
separated into hydrochloric acid and alumina. 

Anhydrous sesquichloride can only be obtained by 
igniting charcoal along with alumina, and passing a 
stream of chlorine over the mixture. The carbon of 
the charcoal unites with the oxygen of the alumina, 
and the aluminum and chlorine form a compound. 
This chloride is interesting only as the chemical source 
of aluminum. 
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3. SE8QUisui«PHnB£T OF ALUimrnM. 

This may be formed by heating alominom in the 
vapour of sulphur. The moment it comes into con- 
tact with water it is resolved into alumina and sul- 
phuretted hydrogen, that is say, (2Al-f-3S) with + 
(3H + 30) give (2A1+30) and (3H + S). 



IX. Glucinum, Yttbium, THORiUM,ZmcoNiuM, Cebiuh^ 
Lanthanum. 

All these are metals that occur very rarely and in 
small quantities. Glucinum is found in the emerald 
and the beryl, yttrium in the Bohemian garnet, thorium 
in very scarce minerals, zirconium in the hyacinth, 
and cerium and lanthanum associated together in 
rare minerals. 



X. Manganese. 

Like all the metals previously enumerated, manga- 
nese is only a chemical curiosity, never occurs free in 
nature, and is put to no use. In a state of combina* 
tion it is extensively diffused, and some of its com- 
pounds are employed in the arts. 

Manganese is prepared with difficulty by deoxidat- 
ing one of its oxides by means of charcoal. It is a 
hard brittle metal of a greyish colour. It has a strong 
affinity for oxygen, and tarnishes on exposure to air ; 
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and slowlj decomposes water at a red heat, or, if 
sulphuric acid be present in the water, it effects the 
decomposition rapidly. In the one case oxide of man- 
ganese and in the other sulphate of oxide of manga- 
nese are found, hydrogen being in both instances 
evolved. 

Its symbol is Mn, and its atomic weight about 27. 

The compounds of manganese described in this 
section are as follows : — 



'' ^«^2ir***^}^"8*°®" ' **®™ 27+ Oxygen - 1 atom 8= 35 Mh+O. 
'* ^SSli^iSSXI''*"**""® ***®™* 64+Oxygen - 3 atoms 24= 78 2Mn+30. 
*' ^mmSmieu 'i^^^^^^ * *^" 27+ Oxygen - 2 atoms 16= 43 Mn+20. 
4. Manganic acid Manganese I atom 27+ Oxygen - 3 atoms 24s 31 Mn+30. 
*• ^Jg^JStT^'^-J*'"*^^"® 2 atoms M+ Oxygen - 7 atoms 66«110 2Mn+70. 
*• ^^^S^Sl^u]'^'^^^^ ' ^^ 27+Chlorlne 1 atom 85= 62 Mn+Cl. 
^* ^«SJSS««^]*^'"'«*°*''* 2 atoms 66+ Chlorine 7 atoms 245=300 2Mn+7Cl. 

1. Protoxide of Manganese. ^ 

This may be prepared in a variety of manners. 
One mode consists in heating to redness some of the 
higher oxides, and passing a stream of hydrogen, 
which abstracts as much oxygen as to leave the 
protoxide behind. It is usually of a greenish grey 
colour. It has no action on vegetable colours ; but, 
on the contrary, combines with acids and forms 
neutral salts, many of which are distinguished by a 
peculiar rose colour. 

This same oxide may be obtained as a hydrate by 
precipitating one of its soluble salts by an alkali. 
This is at first of a white colour, but it rapidly absorbs 
oxygen from the air and becomes brown. 



duAP. VII. METALLIC ELEMENTS. 189 

2. Sesquioxide of Mangaitese. 

This occars native, and may be artificially procured 
by exposing the peroxide to heat. Hence, it is this 
oxide that is left in the retort when oxygen is pre- 
par^d from the peroxide by adding to it sulphuric 
acid. It is also the brown substance mentioned 
above, as being found when the hydrated protoxide 
is exposed to the air. 

It can unite with acids and form salts, which are 
of a deep red colour, and which are also isomorphous 
with those of alumina. 

This oxide stains glass purple or violet. 

3. Feboxide oir "Masqanesh. 

This is often called the black oxide, and is the 
common form in which manganese occurs in nature. 
It may be artificially procured by exposing nitrate of 
oxide of manganese to a red heat, by which the nitric 
acid is expelled. 

It is a black substance, that does not change by 
exposure to the air, is not soluble in water, and does 
not unite with either acids or alkalies ; but, when 
heated with sulphuric acid, it is decomposed, and 
gives off half its oxygen, sulphate of the protoxide 
being left behind. Its use in obtaining chlorine is 
mentioned at p. 106. 

It is employed in the arts to obtain chlorine, and 
also to afford oxygen to iron in glass making, as will 
be afterwards noticed. 

4. Manganic Aced. 
This substance, when combined with potassa, as it 



190 PHASIS OF MATTER. Book I. 

always is, is sometimes named the mineral chameleon, 
on account of the curious changes of colour it 
undergoes when dissolved in water. It is prepared 
by heating hydrate of potassa with peroxide of 
manganese. If the manganate thus obtained be put 
into water, a green solution is procured. This soon 
becomes blue, purple, and red, and at last a brown 
powder subsides to the bottom, leaving the liquid 
colourless. 

The explanation of these changes of colours is this: 
manganate of potassa is green, and hence the green 
hue first observed. It is, however, very liable to 
decompose water and become the permanganate of 
potassa, which is red, and the blue and purple tints 
are formed by the mixture of this colour with the 
green. The brown powder is hydrated peroxide of 
manganese. 

Manganic acid has never been obtained alone, as 
the moment it is placed in an uncombined state it is 
resolved into peroxide and oxygen. 

5. Htpeb- OB Feb-]|[anoanic Acid. 

This, or, to speak correctly, the permanganate of 
potassa, is obtained by diluting a solution of manga- 
nate of potassa with hot water. Peroxide of man- 
ganese falls to the bottom, and red permanganate of 
potassa is formed. 

Two other compounds of manganese and oxygen 
exist of a very complex nature, and of little im- 
portance. Indeed, the above five are enumerated 
more to illustrate the principle, that when a metal 
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forms many oxides^ those containing least of the 
oxygen act as bases, uniting with acids to form salts ; 
while those that contain a greater quantity act as 
acids, than for any importance that most of them 
are of. 

6. Frotochlobide of Manganese. 

This may be obtained by digesting the peroxide in 
hydrochloric acid, the result being the chloride of 
manganese and water. It is a pink-coloured sub- 
stance, and very deliquescent. 



7. Peschlobide of Manganese. 

This appears to be formed when hydrochloric acid 
and peroxide of manganese are mixed together with- 
out heat. It is a substance of a green colour, and 
is, by the application of moderate heat, changed into 
protochloride and free chlorine. 

This last-mentioned compound is introduced as an 
illustration of the general law not hitherto noticed, 
that the combination of metals with chlorine, &c., are 
generally in the same propoi*tions as the compounds, 
or some of the compounds of the same metal with 
oxygen. The protochloride and perchloride of man- 
ganese are analogous to the peroxide and the perman- 
ganic acid. 

The detection of manganese is easy. Ammonia 
throws down from a solution of its salts a white 
precipitate, which passes first to light and afterwards 
to dark brown, and which is the hydrated protoxide. 
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Sulphuretted hydrogen precipitates the flesh-coloured 
sulphuret of manganese. 



(C.) XI. Ibon, or Ferrum. 

Iron, the Mars of the alchemists, has been known 
from the remotest antiquity. It is the most useful^ 
as well as, fortunately, the most abundant of the 
metals. It is contained in animal and vegetable 
structures, is present in all fertile soils, and often 
in springs; it sometimes, but in minute quantity, 
occurs native; and its ores, of various kinds, are 
found in very large quantities. Of these, the most 
important are the red oxide or hemaiitey the hydrated 
peroxide or brown hematite, the black oxide or 
magnetic iron ore, and the carbonate, which, being 
generally mixed with alumina, silica, lime, &c., is 
called the clay-iron ore. Of these, the former are 
commonly found in primary formations ; while the last 
occurs in secondary ones, particularly in that of the 
coal. 

The native iron sometimes is found in small quan- 
tities in veins, but also in blocks lying upon the 
surface of the earth. These latter are not of terres- 
trial origin, but have fallen upon this planet; in all 
probability from volcanos in the moon. The iron in 
them is always associated with nickel. 

Pure iron is very readily obtained from the oxides 
by simply heating them along with some carbona- 
ceous matter, and the iron thus obtained is of su- 
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perior quality. The reduction of the carbonate or 
clay-iron ore is a much more complex operation; 
and the difficulty is increased on account of dif- 
ferent ores containing diflferent amounts of silicious 
matter, &c. 

The first step in the process of reducing clay-iron 
ore is to roast it, and thereby get rid of the carbonic 
acid and the water that it contains. The^ore is then 
powdered and introduced by the top into the blast 
furnace, fig. 39. By means of a forcing pump, air. 

Fig. 39. 




previously heated to about 700% is driven into it. 
Before this practice of using heated air was disco- 
vered, coke was introduced along with the ore for 
VOL. I. o 



194 PHASIS OF MATTER* Book L 

fuel ; but now raw coal is substituted^ and the saving 
to the iron masters is immense. 

After the heat has been applied for some time the 
following changes take place : the silica^ alumina^ and 
lime unite together to form a fusible compound, tech- 
nically called slagy and the oxide of iron parts with 
its oxygen to the fuel. The iron thus liberated falls, 
from its greater specific gravity, to the bottom; but in 
doing so it combines with a portion of the carbon of 
the fuel, and when it has reached the bottom it is a 
carburet It is then drawn ofiF, and constitutes the 
cast iron of commerce. 

In order that the slag may be formed, and the 
process successful, it is necessary that the silica, lime, 
and alumina be in such proportions that they will 
form a soluble compound. This is never the case in 
the ore, and lime is always deficient. Hence, lime is 
invariably added to the mixture of ore and fuel. 
Some ores contain too little sand, and to such sili- 
cious matter is put. Very often different ores are 
mixed together, in order to obtain these three sub- 
stances in their right proportions. 

The carburet of iron, or cast iron, differs from pure 
iron in many important physical properties, and hence 
it is necessary to get rid of the carbon. This is done 
in a reverberatory furnace (see fig. 40.) by means 
oijmddling. This consists in stirring the melted iron 
with a long iron rod, the object being to expose as 
much as possible of the iron to the air. The result 
of this is, that the carbon combines with the oxygen 
of the air to form carbonic oxide, which is driven up 
the chimney. 
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Cast iron is mucli more readily fiisible than iron 
proper, and in consequence of this a curious pheno- 
menon is witnessed during the puddling. The heat 



Fig. 40. 




of the reverberatory furnace is quite suflScient to melt 
the cast iron, and the rod of the puddler moves 
easily enough to and fro in the molten mass. As 
the carbon is gradually expelled it becomes pasty, 
and the rod can hardly stir it, and at last it becomes 
quite solid. The iron is then rolled and beat. 

For all economical purposes this iron is sufficiently 
pure. But it still contains about half per cent of 
carbon, and also some silica. To obtain perfectly 
pure iron for chemical purposes, the best mode is to 
heat the pure oxide in a porcelain tube, and transmit 
a stream of hydrogen over it. The result of course 
is water and iron. 

Of late it has been common to expedite the process 
of puddling by adding some substance to afford oxy- 
gen besides the air, as water or peroxide of manganese. 

Iron has a grey colour, and a strong metallic lustre, 
o 2 
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that is capable of being much increased by polishing. 
Heated to redness it becomes soft and pliable, and 
may be incorporated or welded with another piece of 
red-hot iron by hammering. Its specific gravity is 
between 7 and 8. It is very infusible, only yielding 
to the highest temperature that may be produced by 
a wind furnace. It is attracted by the magnet, and 
may itself be rendered permanently magnetic ; a pro- 
perty only possessed by one other metal, nickel. It 
can only maintain this magnetic property, however, 
within certain temperatures ; and iron ceases to be 
attracted by the magnet at a red heat, and a steel 
magnet loses its polarity at the boiling point of 
almond oil. 

The affinity of iron for oxygen is strong. It can- 
not, however, at a low temperature act upon dry air; 
but if moisture be present it steadily becomes ox- 
idated or rusted. Heated to redness in the air it 
absorbs oxygen rapidly ; but it combines with it in 
another proportion than when exposed at common 
temperatures to watery vapour. 

Iron is inferior in durability and malleability to 
several metals ; but in tenacity it exceeds them alL 

Its atomic weight is 28, and its symbol Fe. 

The compounds of iron described in this section 
are as follow : — 

Fonniibu 
^' ^T^"**^ ^Uron - 1 atom 28+ Oxygen - 1 atom 8= 36 Fe+O. 

^' ^>Sn '*'**^l ^'°° " ^ **°°** 56+ Oxygen - 3 atoms 24« 80 2Fe+30. 
3. Black o«ttte > Protoxide 1 atom 367 . -iifif (J^«+0)+ 

of iron -jSesquiox. 1 atom 80 5 -**''i (2Fe+30). 

** %^?ronj^'°° - 1 atom 28+ Chlorine 1 atom 35= 63 Fe+Cl. 

6. Setqutchlo- -i^^^^ . 2 atoms 56+Chlorine 3 atoms 105=161 2Fe+Cl. 
Ttaecff troui 

* Or sesquioxide. 
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iilfinm .jlron - 1 atom »+ Iodine . 1 atom lS6slM Fe+I. 

cM^Qfiyo* j Iron . 2 atoms 56+ Iodine - 3 atoms 378^434 2Fe+3I. 

^fret i^inmS^^^^ - 1 atom SS+Sulphor • 1 atom 16s 44 Fe+S. 

ura!S^Jroml^^^ • S atoms 56+ Sulphur- 3 atoma 48=104 2Fe+3S 

^^ ^refS^(M l^'^ ~ ^ *^^*^ SS+Solphnr. 2 atoms 32s 60 Fe+SS. 

"*^5J^ ^Composition mixed. 
12. CarburOsm Compositloa ondeftermiaed. 

1. Feotoxidb of Isok. 

This oxide is the base of carbonate of iron and of 
the sulphate or green vitriol. It may be obtained as 
a white hydrate by adding pure alkalis to some of 
its salts; but it cannot be procured pure in a dry 
state, on account of its great affinity for oxygen, 
which causes it to be converted into a higher oxide. 
If we attempt to form it by a process analogous to 
that employed for getting protoxide of manganese, 
the iron is reduced either to the black oxide or to the 
metallic state. 

The protoxide combines with acids and forms salts, 
all of which are of a green colour. Instead of calling 
them sulphate, or nitrate, &c. of protoxide of iron, it 
ia common to say the protosulphate, the protonitrate, 
&c., of iron. All the protosalts of iron are very prone 
to absorb oxygen and pass into the state of per-salts, 
from which they may be distinguished by their form- 
ing the white precipitate with alkalis. 

2. Sbsquioxide of Iron. 

This is the crocus Martis of the older chemists, 
and is still often called the red oxide of iron. It is 

o 3 
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found native, constituting (combined with water) iron 
glances, hematite, ochre, &c. It may be artificially 
prepared in a variety of ways. The one employed 
by the London pharmacopeia consists in mixing toge- 
ther, in solution, carbonate of soda and sulphate of 
protoxide of iron. The sulphuric acid attacks the 
soda, the carbonic acid is given off, and the protoxide 
of iron combines with some oxygen of the air and 
becomes the hydrated sesquioxide. It should be 
observed that there is no carbonate of the peroxide. 

Iron rust is hydrated sesquioxide. 

Sesquioxide of iron is not attracted by the magnet. 
Almost all its salts are red. Its .presence may be very 
decidedly detected. Alkalis (and, for the reason above 
stated, alkaline carbonates) precipitate it as a red 
hydrate. Infusion of nutgalls form with it the black 
tannate of iron or ink ; with ferrocyanuret of potas- 
sium it makes Prussian blue, and the sulphucya* 
nuret of potassium strikes with it a deep blood-red 
colour. 

A few drops of nitric acid oxidate the protoxide 
and convert it into peroxide. Hence, it is usual in 
testing for iron to add a few drops of this acid, and 
apply the test for the sesquioxide. 



3. Black Oxide or Ibok. 

This is the Ethiops martialis of the older writers, 
and is now often called the magnetic oxide. It is 
formed by heating iron at a high temperature ; and 
the scales of a blacksmith's forge consist of it. It is 
attracted by the magnet, and is often itself magnetic. 
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It is merely a mixture of the two other oxides ; 
generally, perhaps, in the proportion of two parts of 
protoxide to one of sesquioxide. It may be artificially 
prepared by precipitating the solution of the two 
oxides in sulphuric acid. 

4. Fbotochloeidb of Iron. 

If iron be dissolved in hydrochloric acid, hydrogen 
is evolved, and this substance formed. By evapora- 
tion it may be obtained in crystals of a green colour. 

5. Sesquichloridb of Iron. 

This is prepared by dissolving sesqinoxide of iron 
in hydrochloric acid, the result being the compound 
under notice and water. Thus : — 

3 atoms hydro- C8 atoms hjdrogea 3 " Z atom water - - 27 

113* 



ckloric acid, 11 1 £.3 atoms caloriue lOft-^- 
1 atom sesquiox- C 3 atoms oxygen • 24" ^^ 

ide of iron - 1 2 atoms irou - 86 ^""^ I atom tesquichlorlde Iron 161 

This compound is very soluble in alcohol, and its 
tincture is pretty often employed in medicine. 

6. Frotiodidb of Irok. 

If water, iron wire, and iodine are mixed together, 
the two latter unite and form a green solution. It is 
necessary that the iron be in excess. By evaporation 
the iodide may be obtained in the form of an opaque 
iron-grey mass, having a faint metallic lustre and a 
styptic taste. It is very deliquescent, and dissolves 
readily in both water and alcohol. Its aqueous solu- 
tion is very prone to take oxygen from the air, and 

o 4 
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to be resolved into sesqui-iodideand sesquioxide; and 
in order to prevent this a piece of iron wire must be 
kept permanently in it 

It is interesting mainly from its therapeutical pro* 
perties, and the medicinal effects of iron and iodine 
which are supposed to be united in it 

7. Sbbqui-iodide op Iron. 

This may be obtained by exposing a solution of 
the iodide to the air, or by mixing in water iodine 
and iron ; the former in excess. It is a volatile red 
compound, deliquescent, and soluble in water and 
alcohol. 

Starch is turned blue by it, and hence it has been 
conjectured that it is more a mechanical admixture 
of iodine and protiodide than a chemical compound. 

8. Pbotosulphubet OF Isoir. 

Sulphur and iron have a strong affinity for one 
another. If an iron wire be heated to whiteness and 
touched with a stick of sulphur, the two combine ; 
and if the iron be in excess the protosulphuret is 
formed. It is a black substance with a yellowish 
fracture. If dissolved in a dilute acid sulphuret of 
hydrogen is evolved, and a salt of the protoxide 
formed. 

When moist, it has a very strong affinity for oxy- 
gen, which it absorbs, forming the protosulphate of 
iron. It sometimes occurs native in coal mines, and' 
then occasionally absorbs the oxygen so fast, and 
with such intensity of chemical action, as to set thq 
coal on fire. 
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9. Sesquisulphxtbet of Ibon. 

This corresponds to the sesquioxide. It may be 
formed by adding perchloride of iron to sulphuret of 
potassium^ when mutual decomposition takes place. 
It is not attracted by the magnet. 

10. BiSULPHUBET OF ISOK. 

In general when a substance combines in several 
proportions with oxygen, it combines in the same 
proportions with sulphur, and vice versa. This com- 
pound is an exception to the latter part of this rule, 
there being no binoxide of iron. Bisulphiiret of iron, 
however, occurs very abundantly, constituting the 
iron pyrites of mineralogists. It may be prepared 
artificially by heating together protosulphuret and 
sulphur. It is not magnetic. 

11. Magnetic Sttlfhttbet of Iron. 

There is more than one kind of a mixed sulphuret 
that is magnetic ; but the most remarkable is that 
which corresponds to the magnetic oxide. It occurs 
native, and may be artificially formed by heating 
the bisulphuret to redness, and thus getting rid of 
a portion of the sulphur. 

12. Cakbueets of Ibon. 

There are three compounds of carbon and iron that 
are very distinct from one another — plumbago, steel, 
and cast iron. 
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Plumbago, or blacklead, as it is very improperly 
called, is found native, chiefly in primitive rocks and 
coal formations. It may be artificially produced by 
exposing iron with an excess of charcoal to Tiolent 
heat It has an iron-grey colour, a granular texture, 
and is soft and unctuous to the touch. Pure speci- 
mens contain about five per cent, of iron. Plunibago 
is used for making pencils and for polishing iron 
grates. 

Steel contains about one and a half per cent, of 
carbon. It is prepared by surrounding bars of iron 
with charcoal, and exposing the two to a full red heat 
for many hours. It is less ductile and malleable 
than iron, but far harder and more elastic. 

Cast iron is another compound of carbon and iron, 
containing about five per cent, of the former. It is 
easily fusible. When it becomes solid, after having 
been fused, it tends to crystallise, and in doing so 
expands powerfully. Hence, when poured into moulds 
in a liquid state, it fills up the minutest crevices ; and 
it is extensively employed, in virtue of this property, 
to make castings, from which circumstance it derives 
its name. 

If cast iron remain for a considerable time under 
water it becomes oxidised ; the black oxide being the 
one that is formed, and the carbon remains behind 
under the form of a spongy mass, retaining very per- 
fectly the figure of the original mass. 



1 
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XIL Nickel. 

In the German mines an ore is found resembling, 
in external appearances, an ore of copper, but which 
resisted all the attempts of the miners to extract that 
metal from it. Hence, they termed it kupper nickel, 
cheating copper. It was subsequently found to possess 
a distinctive metal, which has been named nickel. 
It is chiefly interesting as being employed, along with 
zinc and copper, to form German silver. 

A small quantity of nickel is always in the meteoric 
stones. 

Nickel is of a white colour, approaching to that of 
silver, and of a very brilliant metallic lustre. It is 
ductile and malleable. It is attracted by the magnet, 
and can be rendered magnetic. It unites with oxy- 
gen in two proportions ; but the protoxide only forms 
salts, all of which are of a green colour. 

Nickel is readily recognised by yielding no precipi- 
tate with sulphuretted hydrogen, but by giving its 
hydrated green oxide by the pure alkalis, and by the 
same being precipitated by ammonia, but being redis- 
solved in an excess of it, forming an azure solution. 

The atomic weight of nickel is 29, and its symbol 
Ni. 



XIII. Cobalt. 

The origin of the name of this metal is even more 
singular than that of the last. Kobald is the German 
name of the demon of the mines, and as the miners 
could not reduce the ores of cobalt they considered 
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them under the protection of Kobald, and named them 
accordingly. 

Cobalt exists in nature combined with arsenic and 
sulphur, and is universally associated with nickeL 
It is one of the constituents of meteoric stones. It is 
a brittle, reddish-grey metal It forms two oxides; but 
only the protoxide forms salts, most of which are of a 
pink hue. The protoxide itself, when uncombined 
with water, has a light ash-grey colour, but in the 
state of hydrate a beautiful blue. Mixed with glass 
it communicates to that substance a bright blue. 
With alumina it forms the pigment cobalt blue, used 
as a substitute for ultramarine. Its combination with 
glass ground to a fine powder constitutes smalt, used 
for communicating a blue tint to writing paper, 
linen, &c. 

Cobalt is very readily recognised by giving a blue 
tint to borax when melted with it. 

There is a chloride of cobalt remarkable for writing 
with, its solution being white until dried before the 
fire and then becoming grass green. It is used for 
making sympathetic ink. 

The atomic weight of cobalt is 29, and its sym- 
bol Co. 



XIV. Zinc. 



This metal was known to Paracelsus; but one of its 
ores was used in antiquity along with copper to form 
the alloy brass. 

Zinc only occurs in the mineral kingdom. Its 
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more important ores are calamine (the carbonate), 
blende (a sulphuret), and electric calamine (the 
silicate). When it is desired to extract it from the 
sulphuret, that ore is roasted, to expel the sulphur ; 
during which process the zinc becomes oxidated. It 
is then mixed with carbonaceous matter and intro- 
duced into a crucible, the bottom of which is perforated 
by an iron pipe that terminates in a vessel of water 
placed in the room below. The zinc is reduced, and 
vaporised. It then falls down the tube and is con- 
densed in the water. This is an instance of distillation 
hy descent. 

It is a bluish white metal of considerable brilliancy. 
Exposed to the air its surface oxidates, but the crust 
of oxide thus formed preserves the remainder of the 
metal in its metallic state. At low and high degrees 
of heat it is brittle ; but at a temperature between 210° 
and 300° it becomes both malleable and ductile, and 
is readily rolled into thin leaves, or sheet zinc as it is 
called. This sheet zinc being cheaper than lead or 
tin is now extensively substituted for them. At a white 
heat zinc takes fire, bums with great brilliancy and 
with such violence, that the oxide thereby formed is 
mechanically carried into the air. Zinc is also ox- 
idated by diluted sulphuric acid, the hydrogen of the 
water being evolved, as stated under hydrogen. 

The atomic weight is 32, and its symbol Zn. 

The compounds of zinc described in this section 
are as follow : — 

Formula. 
\, Protoxide qf zinc - Zinc 1 atom 32+ Oxygen - 1 atom 8=40 Zn+0. 

2. Chloride qfxine • Zinc 1 atom 32+ Chlorine - 1 atom 35=67 Zn+Cl. 

3. Sulphuret qfxinc - Zinc 1 atom 32+ Sulphur - I atom 16=4i} Zn+S. 
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1. Protozidb of Zmc 

This has received the fantastical name of flowers of 
zinc, philosophers' wool, &c. It is formed during the 
solution of zinc in sulphuric acid, or it may he ob- 
tained hy heating the carbonate to redness or by 
burning zinc. It is at ordinary temperatures a white 
powder; but when heated to redness it becomes yel- 
low. It forms two classes of salts; one in which it 
is the base, and the other with alkalis, in which it 
acts the part of an acid. The members of the latter, 
however, are of no importance. 

The presence of zinc in basic salts is known by this 
oxide being precipitated from its solutions as a white 
hydrate; by pure alkalis, which, however, redissolve it, 
if added in excess; and by hydrosulphuret of ammonia, 
causing a white precipitate, the hydrated sulphuret 
of zinc. 

2. Chloride of Zinc. 

This may be prepared by introducing zinc filings 
into chlorine gas; but is more conveniently procured 
by dissolving zinc in hydrochloric acid and evapo- 
rating the solution. It is a colourless salt, which at 
common temperatures is soft, and was in consequence 
of this property formerly called the butter of zinc; and 
it fuses at a heat a little above 212°. 

Chloride of zinc is a powerful caustic, and its solu- 
tion is one of the most effectual antiseptics and dis- 
infectants that we have. It would appear to protect 
wood saturated with it from the dry rot; and it de- 
composes hydrosulphuret and carbonate of ammonia, 
and is hence usefully employed in hospitals, crowded 
ships, &c. 
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3. SULPHUBBT OV ZiNa 

This occurs native, but may be artificially prepared 
by heating sulphur and zinc together. It is very vari- 
able in its colour, being sometimes black, or red, or 
yellow. 



XV. Cadmium. 

This metal occurs very sparingly, and is found but 
in very small quantities in most ores of zinc. It is 
obtained from such by taking advantage of its greater 
volatility. It is a white metal, forms only one oxide, 
which combines with acids, forming white salts very 
much resembling those of the oxide of zinc. Cadmium 
salts, however, may be distinguished from zinc salts 
by giving with sulphuretted hydrogen a yellow (not 
white) precipitate, and by ammonia giving a white 
precipitate insoluble in an excess. 



XVI. Tin, or Stannum. 

Tin was perhaps the metal first known. Before 
mankind were able to work iron, their implements 
and weapons were made of an alloy of tin and copper ; 
and by examining such in tumuli, &c., archaeologists 
have been able to discriminate pretty accurately a 
pre-historic age of bronze. 

Tin is the Jupiter of the alchemists. 
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The most common ore of tin is the native peroxide. 
The metal is obtained from this simplj by heating it 
with carbonaceous matter. 

Tin is the whitest of all the metals except silver. 
In its massive form, however, it has a yellowish hue. 
When rubbed it has a peculiar odour. It is very 
fusible, melting at 442% and at a white heat it vola- 
tilises. When in contact with air or water it ox- 
idates very slowly, and hence cooking utensils of 
copper are protected by a lining of tin. It is malle- 
able, but very sparingly ductile. 

Its atomic weight is 58, and its symbol Sn. 

The compounds of tin described in this section are 
as follows : — 

Fonnola* 

1. Protoxide cf tin - Tin 1 atom 58+Oxygeii - 1 atom 8= 66 Sn+0. 

2. Sesquioxideqftin - Tin 2 atoms 116+ Oxygen - 3 atoms 24=140 2Sn+30. 

3. Peroxide of tin - Tin I atom 58+ Oxygen - 2 atoms 16= 74 Sn+20. 

4. Protochlorideqftin. Tin 1 atom 58+ Chlorine 1 atom 35= 93 Sn+Cl. 
6. Perchloride of tin . Tin 1 atom 58+Clilorine 2 atoms 70=128 Su+2Ci. 
6. Stdphurets qf tin - There are 3 sulphureu. 



1. Frotozide of Tin. 

When chloride of tin in solution is mixed with an 
alkaline carbonate, carbonic acid is given off, and 
hydrochloric acid and hydrate of the protoxide of tin 
are formed; the latter of which falls to the bottom. 
The water may be driven off from it by drying at a 
temperature under 196°, and with the least possible 
amount of exposure to the air. 

The most remarkable property of this oxide is its 
tendency to combine with oxygen and to become the 
peroxide. Heated in the open air it does so at once, 
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and if when cold it is touched with a red-hot wire it 
absorbs the oxygen so fast as to inflame* 

In virtue of this property it can throw down plati- 
num^ silver, and mercury from the solution of their 
salts. Its action in this respect upon peroxide of gold 
is singular ; it takes away a portion of its oxygen, 
converting it into protoxide ; and a powder, which 
is a mixture of peroxide of tin and protoxide of gold, 
falls down. This is of a purple colour, has long been 
known as the purple of Cassius, and when fused 
into glass or porcelain produces a superb purple-red 
colour. 

Salts of the protoxide of tin (it is a basic oxide) are 
known from all other substances by giving this 
purple precipitate with gold, and by not being soluble 
in a solution of ammonia. 



2. Sesquioxude of Tin. 

This is a grey powder that form salts with acids ; 
which salts, however, have been little examined. Its 
solution in hydrochloric acid strikes with gold the 
purple of Cassius, and it is soluble in solution of 
ammonia. 

3. Peroxide of Tin, 

This oxide is formed whenever tin is allowed to 
combine freely with oxygen, and it exists largely 
in nature. It is very little disposed to unite with 
acids, and indeed, if dissolved by them, generally 
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separates from them as a gelatinous hydrate. With 
the pure alkalis it acts as au acid, and forms soluble 
compounds called stannates. 

It is formed artificially in two ways. First, by 
acting upon tin by diluted nitric acid. When this is 
done, nitrous acid is evolved, and hydrated peroxide 
of tin falls to the bottom. By heating this to redness, 
the water is expelled and the yellow peroxide is left 
behind. Secondly, by decomposing the solution of 
the perchloride by an alkali it is precipitated as a 
hydrate, the action that takes place being analogous 
to that which occurs in obtaining the protoxide from 
the protochloride. 

But the peroxides obtained in these two manners 
differ very much in their properties, and are there- 
fore now regarded as isomeric bodies. The first one 
is called a peroxide, and the second j3 peroxide. 

The a kind is not soluble in either nitric or sul- 
phuric acids, whether strong or diluted. Neither 
does it dissolve in hydrochloric acid; but this reagent 
changes it into an insoluble basic salt. 

The j3 kind is quite soluble in hydrochloric acid, 
and in dilute nitric and sulphuric acids. 

If the a kind be distilled with hydrochloric acid, it 
is converted into the |3 kind. On the other hand, 
the ^ kind, by boiling with nitric acid, becomes the 
oL kind. 

The hydrated peroxide reddens litmus and com- 
bines with alkalis and the j3 kind of it; The /3 kind 
only combines with acids. It is used in the arts, and 
is known as putty powder ; and is likewise employed 
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to communicate the requisite whiteness to the enamel 
of watch faces, &c.* 

4. Protochlobidb of Tin. 

This compound may be procured by transmitting 
vapour of hydrochloric acid over metallic tin ; hy- 
drogen is evolved, and the protochloride obtained in 
solution, from which it may be separated in a solid 
form by evaporation. Protochloride of tin is re- 
markable for its affinity for both oxygen and chlo- 
rine, owing to its strong tendency to be resolved into 
bichloride or oxide. Owing to this property it re- 
duces salts of mercury, gold, and silver to their 
metallic state, and the salts of copper, iron, and 
manganese to their lowest points of oxidation. It 
has a similar effect upon many organic compounds^ 
the result of which is to deprive them of their colour ; 
and hence it becomes of importance as a dyeing 
agent. 

5. Feschlobidb of Tin. 

If bichloride of mercury and metallic tin be mixed 
together, and moderate heat applied, a colourless 
liquor distils over, which is the per- or bichloride of 
tin, or fuming liquor of LibamuSy and metallic mercury 
is left in the retort. 

This is employed in dyeing, and is commonly 
called the permuriate of tin. For commercial pur- 

• The peroxide of tin may be distinguished by the action of 
hydrosulphuret of ammonia, which produces a golden-yellow 
precipitate. 

p 2 
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poses it is prepared by dissolving tin in nitro-muriatic 
acid. Bichloride of tin possesses an inflaence over 
organic colours similar to that of alumina. 

6. SULPHUBBTfl OF TiN. 

There are three sulphurets of tin, corresponding to 
the three oxides ; but of these the most interesting is 
the bisulphuret. It is particularly so to the student 
of chemical history, as it was one of the substances 
that kept alive the hopes of the alchemists. 

It is best prepared by a rather elaborate process. 
Tin, mercury, siilphur, and sal-ammoniac are rubbed 
up together in a mortar, and placed in a dask, which 
is heated in a sand-bath until no more fetid white 
vapours are given off. The heat is then raised to 
redness; upon which sulphuret of mercury and chlo- 
ride of tin sublime^ leaving the bisulphuret of tin 
behind. 

The use of the mercury in this mixture is not very 
evident, but it seems to promote the combination of 
the tin and the sulphur. The sal ammoniac, by its 
evaporation, prevents the temperature becoming so 
high as to decompose the bisulphuret. 

The bisulphuret obtained in this manner is in 
crystalline scales of a golden yellow colour and me- 
tallic lustre. The common name is mosaic gold. 



XVII. Chromium. 
This is an interesting metal, owing to the beautifiil 
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pigments and dyes formed by its compounds. It was 
discovered in 1797 by Vanquelin. It occurs in some 
minerals ; but most abundantly in the chromate of 
iron, which consists of a mixture of the oxides of iron 
and chromium. The reduction of this oxide to the 
metallie state is difficulty and need not be described 
here. (See Chromate of Potassa.) 

Chromium has an atomic weight of 28, and its 
symbol is Cr. 

The compounds of chromium described in this 
section are as follow : 

Formal*. 
^- "^j^J^^^.j Chromium 2 atoms 56+Oxygen 3 atomi 24= 80 2Cr+30. 
2. Chromic acid Chromium 1 atom 28+ Oxygen 3 atoms 24= 62 Cr+30. 
^* ^i^A^rJJjSS ] Chromium 2 atoms 66+Chlorine 8 atoms 105=161 2Cr+3Cl. 
^ ^XS^m *^ j ^Sec p. 214.) - * =218 (Cr+3Cl)+(2Cr+30). 

1. Sesquiozidb of Chbomium. 

This compound may be obtained by heating chro- 
mate of mercury to redness ; upon which the oxide of 
mercury and half of the oxygen of the chromic acid 
are expelled, and the green sesquioxide left behind. 

Sesquioxide of chromium is insoluble in water. 
Fused with borax or vitreous substances, it commu- 
nicates to them a beautiful green colour ; and this 
property of it is rendered available in the arts. The 
colour of the emerald, it may be mentioned, is owing 
to the presence of this oxide. It unites with acids to 
form salts, all of which are of a green colour. 

Compounds of oxide of chromium may be reco- 
gnised by giving a green precipitate with alkalis. 

p 3 
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2. Chbomio Acid. 

This may be prepared by mixing a solution of bi- 
chromate of potassa with sulphuric acid. The acid 
and the potassa combine, and the chromic acid 
separates in the form of beautiful red crystals. It 
combines with bases and forms salts important on 
account of the colours that they possess. 

Chromic acid has a tendency to very readily dis- 
pose of a portion of its oxygen, and thus become 
converted into the sesquioxide. If boiled with 
starch, sugar, and other organic compounds, it is 
thus converted; and by virtue of this property it 
destroys the colour of indigo and of many other 
vegetable and animal colouring principles, and is, ia 
consequence, employed in calico printing. 

Chromic acid is known by its striking a rich yellow 
pigment, the chromate of lead, when mixed with a 
soluble salt of lead. 

3. Sesquichlobide or Chbomium. 

When oxide of chromium is mixed with lamp-black 
and exposed at a red heat to a current of chlorine, 
carbonic acid and chloride of chromium are given off. 
The latter, in the form of very beautiful peach- 
blossom-coloured scales, is obtained, being sublimed 
in the cold part of the tube. 

4. OXTCHLOBIDE 01* ChBOMIUM. 

This, although not a binary compound, is mentioned 
here. It is formed by melting together in a crucible 
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chloride of sodium and bichromate of potassa. The 
melted itnass is then poured upon a slab and broken 
to pieces, and the pieces are introduced into a retort 
and sulphuric acid poured upon them. Instantly 
sulphates of potassa and soda are formed, and the 
curious compound under our notice distils over as a 
red liquid. 



XVin. Vanadium. 

This metal is obtained from a very rare mineral, in 
which it is combined with lead. It is also found (but 
in very minute quantities) in some ores of iron. 



(D.) XIX. Tungsten, or Wolfram. 

This also is a very rare and unimportant metal. 
It forms, with oxygen and sodium, a curious com- 
pound, that very strikingly resembles gold. 



XX. Molybdenum, Osmium, Titanium, Columbium. 

These are metals of rare occurrence, and of little 
interest. 



XXI. Antimony, or Stibium. 

The sulphuret of antimony was known to the 
p 4 
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ancients, and was applied by the Asiatic and Grecian 
ladies as a pigment to the eyebrows. It was reduced 
to the metallic state and its preparations administered 
to man by Basil Valentine. This experimenter 
poisoned some monks with it, and hence its name 
antimony (antirmoine) is said to be derived. Its 
proper chemical name, however, is stibium. 

Antimony occurs but rarely native. Its only 
frequent ore is the sulphuret of stibium. The metal 
may be obtained by fusing this along with black flux. 

It is a brittle metal of a whitish-blue colour, and 
possessing considerable lustre. It melts at about 
800°, and at a very high temperature volatilises. 
Heated to a white heat in a close crucible, and then 
suddenly exposed to the air, it takes fire. During 
the combustion a white vapour rises, which condenses 
on cool bodies in the form of white crystals. These 
are sesquioxide of antimony, and are called in the old 
books argentine flowers of antimony* 

The atomic weight of antimony is 64, and its 
symbol Sb. 

The compounds of antimony described in this 
section are as follow : — 

Fomuila. 
^* ^/^iT- ^] Antimony \ atom 64+Hydrogcn 8 atoms 3b 67 Sb+3H, 

^' ^a^uiw ^.] Antimony 2 atoms 128+ Oxygen - 3 atoms 24=162 2Sb+30. 

3. Anttmoniotu acid Antimony 2 atoms 128+Oxygen - 4 atoms 32=rl60 2Sb+40. 

4. Antimontc acid- Antimony 2 atoms 128+Oxygen • 5 atoms 40=168 2Sb+S0. 

^' ^^nUm^ _] Antimony 2 atoms 128+Chlorine - 3 atoms 106=233 2Sb+3a 
^* ^o/^SE^*^^'-] Antimony 2 atoms 128+Sulphur - 3 atoms 48=176 2Sb+8S. 
^' ^'tumm^^ *^-] A mixture of sesquioxide and sesquisulphuret. 
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1. Hydrubet op AirriMOHT, 

It is best prepared by mixing together water, tartar 
emetic (containing tartrate of antimony), sulphuric 
acid, and zinc. The water is decomposed as men- 
tioned under hydrogen, and the liberated hydrogen 
combines with the antimony, and forms the compound 
under consideration. 

It is a colourless, insoluble gas, which precipitates 
most metals from their solutions, but not copper. 
When burnt it is resolved into water and metallic an- 
timony. This compound is of no importance in itself; 
but it is liable to be confounded with the hydruret 
of arsenic, which will come under our notice imme- 
diately. 

2. Sbsquioxide of Antiiiont. 

This may be prepared by adding to an acid and a 
boiling solution of chloride of antimony carbonate of 
soda. As carbonic acid does not combine with anti- 
mony, this oxide is precipitated. It is a dirty-white 
powder, which, if heated, becomes yellow. If heated 
in the open air it acquires oxygen and becomes an- 
timonious acid. 

It combines with acids to form salts that have 
little stability. It is, however, one of the bases of 
an important compound salt, the tartrate of anti- 
mony and potassa, or tartar emetic. 

Antimonial salts are known by the bright, orange- 
coloured precipitate of sulphuret of antimony pro- 
duced by sulphuretted hydrogen. 
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3. AimMONious Oxide. 

This may be formed by heating the sesqnioxide in 
the open air. It is a white powder, which combines 
with alkalis, fo|-ming salts known as antimonites. It 
is not acted upon by the fire. 

4. AmnfONiG Acid. 

This is prepared by digesting antimony in nitric 
acid. It is a yellow powder, that reddens litmos 
paper and forms with alkalies salts called antimoniates. 
Heated in the fire an atom of its oxygen is expelled 
and antimonious acid is left behind. 

5. Sbsquichlobide of Antimont. 

This compound has been long known, and was 
formerly called the butter of antimony. It may be 
formed by throwing antimony in powder into a jar of 
chlorine ; combustion ensues, and the sesquichloride 
is generated. At common temperatures it has the 
consistence of butter. It is a caustic. 

6. Sesquisulfhubet of Antimony. 

This is the most abundant ore of antimony. It 
may be artificially generated by transmitting sul- 
phuretted hydrogen through any solution of an anti- 
monial preparation. Artificially prepared, sulphuret 
of antimony has an orange colour. 

It may be mentioned that the oxides of anti- 
mony and their compounds are all soluble in an 
excess of hydrochloric and tartaric acids. 
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7. OXTBULPHURBT 07 AsniMONT. 

If the sesquisulpliuret of antimony be boiled with 
an alkaline liquor, a red powder (the oxysulphuret of 
antimony, or kermes mineral) is precipitated. The re- 
action that takes place consists in a portion of the oxy- 
gen of the potassa (or whatever alkali be employed) 
passing to the antimony and a portion of the sulphur 
to the potassium. If sulphuric acid be added to the 
remaining liquid, golden sulphuret of antimony is 
precipitated. This compound contains more sulphur 
than the kermes mineral. If the sulphuric acid be 
put to the liquor before the kermes has had time to 
separate, the precipitated sulphuret of antimony, as it 
is called, and which is a mixture of the two preced- 
ing, is thrown down. 



XXn. Arsenic. 

Metallic arsenic sometimes occurs native, but is 
usually associated with iron or cobalt. The ar- 
senical ore is roasted in a reverberatory furnace, 
and the arsenic, from its volatility, is expelled ; com- 
bines with oxygen as it rises, and condenses on the 
sides of the chimney. This oxide is mixed with 
black flux and heated in a crucible ; over which is 
luted an empty crucible into which the metallic 
arsenic passes, the oxygen of the oxide having com- 
bined with the carbon of the flux. 

Arsenic is an extremely brittle metal of a strong 
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lustre and a grey colour. Its specific gravity is 
nearly 6. Heated up to 350° it sublimes without 
previously liquefying, and at this time it emits a gar- 
lic odour ; a property which no other metal possesses 
except perhaps zinc. In close vessels it may be 
sublimed without change, but if exposed to the air 
it becomes oxidated. It tarnishes by exposure to the 
air, and becomes converted into a grey powder, 
which is a mixture of metal and protoxide. 

Its atomic weight is 38*, and its symbol As. 

The compounds of arsenic described in this section 
are as follow : — 

FonnnUu 
*' ^wE^r- ^ "^l] Arienlc S atomi 76+Hydrogen 8 atoms 3= 79 2Ac+3H. 

^ ^nlSc*- ^'\ A"«n«c 2 atoms 76+Oxygen - 3 atoms 24=100 2As+30. 
Z, Artenicocid • Arsenic 2 atoms 76+ Oxygen - 5 atoms 40^116 2Aa-|-M). 
** ^^aSST^*^ , J Arsenic 2 atoms 76+Chlorine 3 atoms 105=181 2 As+SCl. 
^' ^Qfa^Suc^^^^ .] Arsenic 1 atom 38+Sulphur I atom 16= 54 As+S. 
^* *2^Si«i^**^-] ^'■*°*^ * ''°"* 76+Sulphur - 3 atoms 48=124 2As+3S. 

I. Htdrubbt of AssBinc or AssEznuBETTED Htdrogen. 

This gas is exceedingly poisonous, has proved 
fatal to several experimenters, and must be prepared 
and examined with the greatest caution. In^. 41. 
a 6 is a bent glass tube fastened to a support. A 
glass jet c is fixed into the shorter tube. This jet 
is furnished with a cock. At the bend d is placed 
a piece of zinc. To a solution of arsenious acid sul- 
phuric acid is added, and this mixture is poured 

* Sometimes stated as 75. 
t Arseniuretted hydrogen. 
X Arsenious acid, or white arsenic. 
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Fig. 41. 



into the long leg. The water is decomposed and 
the hydrogen and arsenic unite and form a gas which 
is driven into the short leg ; 
and from this it is driven 
whenever the cock is turned. 
Arseniuretted hydrogen is 
colourless, extinguishes burn- 
ing substances^ but is itself 

kindled by them, burning with 

a blue flame. The result of 

this combustion is water and 

metallic arsenic; the latter of 

which may be obtained by 

holding a piece of cold glass, 

&c., in the flame. 




2. AssENious Acid, ok Sesquioxidb of ARBEma 

This oxide of arsenic is remarkable among low 
metallic oxides as having no basic but an acid action. 
When first sublimed it occurs in transparent colour- 
less vitreous masses. These masses are remarkable 
from becoming opaque upon exposure to the air. The 
fact is, that arsenious acid is dimorphous; i. e,, capable 
of assuming two different crystalline forms, each be- 
longing to different systems (see Chap. X.), and this 
change in the opacity is probably owing to this pro- 
perty. As sold in the shops arsenious acid is a fine, 
white powder. At 380° Fah. it volatilises without pre- 
viously melting. In this process it produces a white 
smoke, and the acid condenses unchanged upon cold 
surfaces ; and if the sublimation be slowly carried on 
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in a glass tube, transparent octohedral crystals of it 
are obtainecL 

To the taste arsenious acid is slightly sweetish ; and 
the idea formerly prevalent that it is acid is a mis- 
take. It feebly reddens litmus paper^ and combines 
with bases^ forming arsenites. 

This compound is so frequently taken and admi- 
nistered as a poison, that the tests for it become of 
very great consequence. They will be found after 
the account of the sulphuret 

3. AssBNic Acid. 

This is prepared by heating arsenious and nitric 
acid, evaporating, and then again heating in a crucible 
the compound thereby produced. It has a sour, me- 
tallic taste, reddens vegetable blues, and forms with 
bases salts called arsenates. It is a powerful poison. 

4. Sbsquichlobide of AssENia 

When arsenic is thrown into a jar of chlorine it 
takes fire, and the sesquichloride is formed. It is 
a colourless, volatile liquor, which fumes very much 
when exposed to the air, and is hence called the fuming 
liquor of arsenic. Mixed in any quantity with water 
it is resolved into arsenious and hydrochloric acids. 

6. PROTOBTTLPHURET OF AsSENIC 

This compound occurs in the mineral kingdom, 
and is known in such by the name of realgar. It 
may be artificially prepared by heating together ar- 
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senic and the sesquisulphuret It is a ruby-red, 
crystalline mass. 

6. Sbsquisulphuret of Absknig. 

This also is a mineral, and is called orpiment. It 
is prepared by transmitting a stream of sulphuretted 
hydrogen through a solution of arsenious acid. Or- 
piment has a rich yellow colour, and is the founda- 
tion of the pigment called king's yellow. It is soluble 
in alkalis. 

An impure orpiment is sold in the shops for the 
purpose of killing flies. 
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Testing for AESENia 

Owing to the frequency with which arsenious acid 
is used for the purpose of poisoning, it is very impor- 
tant to be able to decidedly detect it. Hence the 
tests for it are of great interest and importance. 
These may be conveniently arranged under — 1. the 
liquid tests, including in this division sulphuretted 
hydrogen ; 2. the reduction test ; 3. Marsh's test ; 
and, 4. Reinsch's. 

I. Fluid Tests. 

a. If to a solution containing arsenious acid a solu- 
tion of nitrate of oxide of silver with a little ammonia 
be added, a canary-yellow arsenite of oxide of silver 
is thrown down. The reason that a little ammonia 
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must be added^ is that the nitric acid and oxide of 
silver will not separate when brought into contact 
with arsenious acid^ unless there be an alkali to com- 
bine with the nitric acid. The nitrate of ammonia is 
retained in solution. 

It happens^ however, that arsenite of oxide of silver 
is very soluble in ammonia ; so that if too much am- 
monia be added, that which does not combine with 
the nitric acid dissolves the arsenite of oxide of silver, 
and there is no yellow precipitate. To obviate this 
source of fallacy, a compound salt (the ammoniacal 
nitrate of silver) is used which contains the exact 
quantity of ammonia that is required and no more. 

b. If to a solution of arsenious acid a solution of 
sulphate of oxide of copper, to which a little am- 
monia is added, be dropped, the bright green arsenite 
of oxide of copper, or Scheele's green, is precipitated. 

c. If a current of sulphuretted hydrogen be trans- 
mitted through a solution of arsenious acid the yellow 
sesquisulphuret of arsenic is precipitated. In case any 
pure alkali be present, which would dissolve the orpi- 
ment, a little hydrochloric acid should be added. This 
of course forms a neutral salt with the alkali. 



2. Thb Bbductiok Test. 

If a small quantity of arsenious acid be introduced 
into the bottom of a test tube, as fig. 42., and gently 
heated in the flame of a small lamp, the acid is va- 
porised, ascends in the tube, and condenses in bril- 
liant crystals, which, if perfect, are octohedrons. (See 
Chap. X.) If perfect crystals are not obtained, they 
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Fig, 42. 




may be observed to have equilateral triangular faces. 
No other white powder volatilises and condenses in 
such crystals. 

Another small quantity of arsenious acid should 
be mixed with black flux {%, e,y a mixture of charcoal 
and carbonate of potassa), and placed in the bottom of 
a tube shaped like Jig. 43. In order to prevent any 
of it adhering to the sides it should be introduced on 
a small slip of paper. The tube must then be very 
gently heated by passing it backwards and forwards 
over a spirit lamp^ and the moisture that is thereby 
condensed in the inside carefully removed by bibulous 
paper. The bulb is then held in the flame until 
it has attained a red heat ; upon which the oxygen 
of the arsenious acid and the carbon of the flux 
combine together^ and the metallic arsenic rises in 
vapour and condenses in the narrow neck above the 
bulb. Here it forms a metallic crust of an iron- 
grey colour externally, and crystallises on the inner 
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surface. Bj cutting off the narrow neck with a file, 
and heating it in the tube Jig. 42., arsenious acid can 
be reprocured. 

The action of the alkali in the above is to retain the 
arsenious acid until the temperature is sufficiently 
high for its decomposition. 

It was stated above that sulphuretted hydrogen 
threw down with arsenious acid yellow sulphuret of 
arsenic. It was purposely omitted to be stated then 
that the sulphurets of antimony, tin, cadmium, and 
selenium are also yellow. In order to decide if the 
precipitate contain arsenic, it is necessary to heat 
some of it* in a tube like that in Jig. 43. along with 
black flux, and if arsenic be present it is sublimed 
and deposited in the metallic form. In this instance 
it is the alkali that effects the decomposition, its potas- 
sium uniting with the sulphur to liberate the arsenic. 
* PrcTiously well dried. 
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If arsenious acid be obtained as a white powder, 
or in a colourless solution, the above tests will readily 
detect its presence ; but if it be dissolved in coloured 
solutions, as tea or porter, the liquid tefsts are of no 
value, as the colour of the precipitates is interfered 
with. The two following plans provide for such 
emergencies. 

3. Massh's Tbst. 

This consists in combining hydrogen with the 
arsenic, burning the arseniuretted hydrogen thereby 
produced, and thus obtaining a crust of metallic 
arsenic. It may be done in the apparatus represented 
in jig. 44. The jar a contains the mixed fluid, holding 
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in solution arsenious acid, to which 'pure zinc is added. 
Sulphuric acid is poured down the funnel 6, and the 
gas which is evolved through c is heated by a spirit 
lamp. The metal separates, and forms in a crust a 
little beyond the place where the flame is applied. 



Q 2 
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Anti-monluretted hydrogen bums with a similar 
flame to that of arsem'uretted hydrogen, and metallic 
antimony is deposited. The two metals, however, may 
be readily distinguished; for while, as has just been 
stated, the arsenic, when heated, becomes converted 
into arsenious acid, heat merely converts the anti- 
mony into a white powder, which is the sesquioxide 
of antimony. 

4. BxiiracH's Test. 

This consists in boiling the solution of arsenic 
along with hydrochloric acid and copper wire for 
some time. The copper and the arsenic then com- 
bine, and the wire acquires a dark colour. If these 
are dried, and introduced into a narrow test tube, as 
iig. 45., and heated, the arsenic separates, rises in 
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vapour, and forms a ring. This arsenic may be 
converted into arsenious acid in the manner before 
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mentioned; and this arsenious acid may be further 
tested by the ammoniated nitrate of silver, ammo- 
niated sulphate of copper, and sulphuretted hy- 
drogen. 

Arsenic acid forms a reddish-brown precipitate of 
arseniate of silver with a solution of nitrate of silver. 
Metallic arsenic, or arsenious acid, may be converted 
into arsenic acid by the action of nitric acid, and then 
this test applied. 

In testing organic mixtures supposed to contain 
arsenic, various details are necessary to be attended 
to. These will be found described in books upon 
legal medicine. 



XXIIL Tellubium and Uranium. 

These two very rare metals are of little im- 
portance. 



*^>^f>i^fS0S0»^^t^t>aK 



(E.) XXIV. Copper. 

This frequent metal was well known to the 
ancients. It derives its name from having been 
originally obtained from the island of Cyprus. It is 
the Venus of the alchemists. It is said to have been 
detected in a few plants; but not in those that form 
the food, at least to any extent, of animals. Its most 
abundant ores are the sulphurets, — the copper pyrites 
and grey copper ore of the miners. Both of these 
contain also iron. 

Q3 
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Owing to the copper pjrrites being a doable snl- 
phnret^ the extraction of the copper is a tedious and 
somewhat di£Scult process. First of all the ore is 
roastedy and a portion of the sulphur in that way 
expelled. The sulphur that remains is oxidated^ and 
becomes sulphuric acid, and then the mass that re- 
mains in the furnace consists of sulphates, of oxides of 
iron and copper. This mixture is heated along with 
fresh ore and silicious matter, and a great part of 
the oxide of iron unites with the silicic acid and rises 
to the surface in the form of slag, and the c(^per 
becomes again a sulphuret This is roasted, con- 
verted into an oxide, and then reduced by heating 
it with carbonaceous matter. 

Another valuable ore of copper is the carbonate. 
It owes this value to the ease with which it is 
reduced. 

Copper is the only metal that is of a red colour. 
It is ductile and malleable, and only inferior in tena- 
city to iron. It is hard, elastic, and sonorous. It is 
difficult of fusion. Its specific gravity is nearly 
9. Cast in a mould it does not take a sharp im- 
pression, and hence copper coins require to be 



Exposed to air and moisture its surface rusts, and 
the oxide thus formed unites with the carbonic acid 
of the atmosphere, and the green carbonate of the 
protoxide is formed. At a red heat the black pro- 
toxide is formed. 

The atomic weight of copper is 31, and its 
symbol Cu. 
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The compounds of copper described in this section 
are as follow : — 

FormuUu 
** ^decf^mr ?*^*l] Copper 3 atoms 62+ Oxygen- 1 atom 8=70 2Cu+0. 

2. Protoxide of copper - Copper 1 atom 31 + Oxygen- 1 atom 8=39 Cu+0. 

3. Bichloride qf copper - Copper 2 atoms 62+ Chlorine 1 atom 35=97 2Cu+Cl. 

4. Chloride c(f copper - Copper 1 atom 31+ Chlorine 1 atom 35=66 Cu+Cl. 

5. Disulphuretqf copper Copper 2 atoms 62+ Sulphur- 1 atom 16=78 2Cu+S. 

6. Su^huretqf copper - Copper 1 atom 31+SaIphur- 1 atom 16=47 Cu+S. 

1. DiNOxiDB, OS Suboxide of Coppeb. 

This occurs native, forming beautiful ruby-red, 
transparent, octohedral crystals. It may be formed 
artificially in a variety of manners. For instance, if 
five parts of the protoxide are heated with four of 
copper filings it is procured ; or if a solution of sul- 
phate of protoxide of copper be boiled along with 
honey, sulphate of potassa is formed, and the honey 
appropriates the half of the oxygen of the protoxide, 
upon which the dinoxide falls down as a brown-red 
powder. 

This dinoxide has not a very strong affinity for 
acids, but still it does form salts, most of which are 
colourless, but which are very apt to absorb oxygen 
and to pass into compounds of a higher base. It tinges 
glass, when heated with that substance, a ruby-red ; 
but this colour is apt to pass into a green, owing to its 
becoming converted into protoxide, which stains glass 
that colour. 

2. PsoTOXiDE of Copper. 

This is often called the black oxide. It occurs 
native ; in which case it constitutes the copper-black 
of mineralogists. It may be artificially prepared by 

Q4 
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heating sheelnropper to a red heat in contact with the 
air, or bj calcining nitrate of potassa, or by precipi- 
tating it from its salts by means of pure potassa. 

It is of a dark colour, not acted upon by heat 
alone ; but if mixed with carbonaceous matter readily 
reduced to a metallic state. It forms salts willi 
almost all acids, and all these salts have a green or 
blue colour. It is also soluble in ammonia, and forms 
with it a blue colour ; a property which distinguishes 
it from all other substances.* 

Salts of the protoxide, besides striking this charac- 
teristic blue with ammonia, give a dark-brown pre- 
cipitate with sulphuretted hydrogen. On the addition 
of an alkali to this the hydrated oxide, which becomes 
(it must be boiled, however, with water) black, copper 
in the metallic state may be obtained from a solution 
of them by introducing a rod of iron or zinc. Fer- 
rocyanide of potassium gives a peculiar mahogany- 
coloured precipitate with them. 

3. DlCHIX>BII>B OF COFPBB. 

If copper filings be introduced into chlorine the 
metal takes fire, and both the dichloride and chloride 
are formed. The dichloride may be prepared sepa- 
rately by heating copper filings with twice their weight 
of bichloride of mercury. It was prepared in this 
manner by Boyle, and was termed by him, from its re- 
semblance to resin, resin of copper. If, also, the solu- 
tion of chloride of copper is kept in a bottle in contact 

* The oxide alone is not soluble in ammonia, and it must be 
combined with an acid. See Ammoniacal Salts in Book IIL 
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with metallic copper, the dichloride is deposited in 
crystalline grains. Its colour is white, yellow, or 
brown, according to the mode in which it is pre- 
pared. It is very apt to absorb oxygen from the 
air, and form a green compound of oxide and chlo- 
ride of copper. 

4. Chlobidb of Coppbb. 

This is prepared by dissolving protoxide of copper 
in' hydrochloric acid. Water is formed, and green 
crystals of hydrated chloride of copper are thrown 
down. When heated, they fiise, give off the water, 
and become brown. If the heat, however, exceed 400% 
half the chlorine is lost, and the dichloride formed. 

Chloride of copper is soluble in alcohol. If to 
this solution an alkali be added, an oxychloride 
(Cu + CI) + 3 (Cu + O) -h (OH) is formed. This is the 
pigment named Brunswick green. 

5. DlSULPHUBBT OF COTTER. 

This may be artificially formed by heating copper 
filings with a third of their weight of sulphur. The 
combination is attended with such evolution of heat 
{hat the mass becomes luminous. 

6. SULPHUBBT OP Ck>FPBB. 

This is precipitated from a solution of any salt of 
the protoxide by means of sulphuretted hydrogen. 
It has a dark-brown colour. 
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XXY. Lead, or Plumbum. 

This metal has been known from the remotest 
antiquity. It is the Satnm of the alchemists. 

A great many ores of lead occur in nature ; but 
for commercial purposes lead is obtained from the 
sulphuret^ or galena of mineralogists. This is first 
oxidated^ and then reduced to the metallic state by 
the action of carbonaceous matter. 

Lead is a bluish-grey metal, the surface of which, 
when recently cut, has a brilliant metallic lustre. 
Its surface, however, soon tarnishes by exposure to 
the air. It is heavy, having a specific gravity of 
! more than II. It is malleable and ductile, but pos- 

sesses little tenacity. It fuses at 612^ 

At high temperatures lead oxidates very rapidly. 

In recently boiled distilled water, and preserved 
in close vessels, lead undergoes no change ; but if 
air be present it is rapidly oxidated, and this oxide 
of lead combines with the carbonic acid present in 
the air, and carbonate of oxide of lead is produced. 
As this salt is poisonous, and, to a certain extent, 
soluble in water, that fluid is apt to acquire poisonou) 
properties when kept in leaden cisterns or conveyed 
along leaden pipes. If, however, the water, as almost 
all spring water does, contain sulphates and chlorides, 
then a sulphate or chloride of lead is formed ; and, as 
these are quite insoluble, they incrust the lead, and 
not only do no harm to the water, but protect the 
lead &om being farther acted upon. 
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The atomic weight of lead is 103^ and its sym* 
bol Pb. 

The compounds of lead described in this section 
axe as follow : — 

Fonnula. 

1. Protoxide of lead - Lead 1 atom 103+ Oxygen - 1 atom 8—111 Pb+O. 

^ Peroxide of Uad - Leadl atom 103+ Oxygen- 2 atoms 16=119 Pb+20. 

3. Red oxide of lead - A mixture of the two preceding oxides. 

4. Chloride qf lead - Lead 1 atom 103+ Chlorine 1 atom 35=138 Pb+Cl. 

5. Iodide of lead - Lead 1 atom 103+ Iodine - 1 atom 126=229 Pb+I. 

6. Sulphuretqflead - Lead 1 atom 103+ Sulphur 1 atom 16=119 Pb+S. 



L Pbotoxide of Lead. 

This may be prepared by exposing lead, while 
melted, to a current of hot air. If it is not allowed 
to fuse it is of a pale yellow colour, and is the mas- 
sicot of old writers. When fused or semi- vitrified, 
it is of a red colour, and is called litharge. It is used 
largely in the arts, principally to mix with glass, 
which it renders more brilliant and fusible, and for 
glazing earthenware. It is the base of all hair dyes. 

The protoxide is the only oxide of lead that forms 
salts. Any of these salts may be recognised by giving 
a black precipitate (of sulphuret) with sulphuretted 
hydrogen ; by being precipitated as a white hydrate by 
pure alkalis, and which hydrate is soluble Fig. 46. 
in an excess of the alkali ; as a white car- 
bonate by alkaline carbonates; as a white 
sulphate by soluble sulphates ; as a yel- 
low iodide by iodide of potassium ; and 
as yellow chromate (chrome yellow) by 
bichromate of potassa. 

Lead also is separated from its salts in 
a metallic state by iron or zinc. If an ^^^§ 
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ounce of acetate of lead be dissolved in a wine-quart 
of water, and a piece of zinc suspended in the solu- 
tion by means of a thread, the lead is deposited in 
an arborescent form, and gives rise to what has 
been called arbor Satumi, Jig. 46* 

ft. Pbbozidb of Lead. 

This is obtained bj adding dilute nitric acid to 
red lead. The acid imites with the protoxide and 
liberates the peroxide. It is a puce-coloured powder. 
It does not unite with acids. 

fS. Bbd Oxidb of Lead. 

This is the minium of commerce. It is prepared 
by exposing massicot at a temperature of about 600^ 
to a current of air. It then slowly absorbs oxygen, 
and a portion of it becomes converted into the per- 
oxide. It is of a red colour, is used as a pigment, 
and also by the glass manufacturers. 

4. Chloride of Lead. 

This occurs native, and may be formed by adding 
chloride of sodium to any soluble salt of lead. It 
is a white crystalline powder, which, when heated, 
fuses, and then forms a gelatinous-like mass some- 
times called horn lead. 

5. Iodide of Lead. 
This is formed by adding iodide of potassium to 
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acetate of lead, the result being acetate of potassa 
and yellow iodide of lead. 

6. Sttlphuset ov Lbab. 

This may be artificially formed either by the action 
of sulphuretted hydrogen on a solution of a lead salt, 
or by fusing together sulphur and lead. It is a black, 
insoluble powder. 



XXVI Bismuth. 

This somewhat rare metal was known to the an- 
cients, although it was confounded by them with lead 
or tin. Its name bismuth or wismuth was conferred 
npon it by the German miners. Unimportant ores 
of it occur, but its principal commercial source is the 
native bismuth. 

It is a brittle metal of a white colour with a red- 
dish tinge. Its density is about 10. When hot it 
may be hammered into plates. At 470° it fuses and 
at a red heat it sublimes. 

Bismuth is easily oxidised by the action of nitric 
acid and by fusion in open vessels; and at its sub- 
liming point it bums with a bluish flame, emitting 
copious fumes of its oxide. It is used in the arts. 

The atomic weight of bismuth is 71, and its sym- 
bol Bi. 

The only compound of bismuth described in this 
section is as follows : — 

Fonnnla. 
Protoxide qf Biimuth - Biimuth - 1 atom 7I+Oxygen - 1 atom 8s79 Bi+O. 
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This may be prepared either bj heating bismnth 
in the open air or hy the action of potassa npon 
the nitrate of bismuth. It has a yellow colour. It 
forms salts with acids. These are known by the 
brown precipitate which they give with sulphuretted 
hydrogen (the sulphnret of bismuth), and the brown 
iodide by iodide of potassium. A strong solution of 
a salt of bismuth is decomposed by being added to 
water; the water retains a great part of the acid in 
solution, and a salt with only one atom of acid to 
three of base is precipitated. 



I (F.) XXVn. Silver, or Argentum. 

Silver has been known from the most remote pe- 
riods of antiquity. It is the Diana or Luna of the 

/ alchemists. 

It occurs in nature either native or as a constituent 
of various metallic ores. Its extraction from these 
latter is managed in two manners, both of which will 

/ be noticed in Book V. 

f The silver of conunerce, however, commonly con- 

tains both copper and gold. For chemical purposes 
it may be obtained by dissolving the commercial 
metal in nitric acid, and precipitating the solution 
thus obtained by chloride of calcium. The chloride 
of silver thus thrown down is then reduced by white 
flux, that is, carbonate of potassa ; andt he chlorine 
combines with the potassium, and the silver is thus 
obtained pure. 
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Silver is a very brilliant metal, and of all metals is 
the whitest It takes a very high polish, and is very 
malleable and ductile, and possesses considerable 
tenacity. When pure it is so soft that it may be cut 
with a knife, and what is commonly called silver in 
coins, or articles for domestic use, is in fact a mix- 
ture, or alloy of silver with copper. 

The specific gravity of silver is more than 10. It 
fuses at about 1870^ Neither air nor water have, 
properly speaking, any action upon it ; but when it is 
kept melted for a considerable period it absorbs 
oxygen to the amount indeed of more than twenty 
times its volume ; but when it becomes solid it parts 
with the whole of this, and, by discharging thus the 
oxygen, its surface is thrown into a peculiar appear- 
ance known as that of granulated silver. Also, silver, 
when exposed to the air, tarnishes ; but this is owing 
to the action of the sulphuretted hydrogen contained 
in the atmosphere, a sulphuret of silver being formed. 

The atomic weight of silver is 108, and its 
symbol Ag. 

The compounds of silver noticed in this section are 
as follow: — 

Fommlft. 

1. Oside of n'lver - Siker 1 atom 108+Oxygen- 1 atom 8=116 Ag+0. 

2. Chloride 0/ silver - Silver 1 atom 108+Chlorine 1 atom 35=143 Ag+Cl. 

3. Iodide €f Silver - SiWer 1 atom 108+ Iodine - 1 atom 126»234 Ag+I. 

4. Sulphuret qf siher • Silver 1 atom 108+ Sulphur- 1 atom 16=124 Ag+S. 

L OXITE OF SiLYEB. 

This may be obtained in the state of a hydrate by 
adding lime-water to a solution of nitrate of silver. 



240 



PHASIS OF MATTER, 



Book] 



It is a brown powder, very prone to resolve itsell 
into oxygen and metallic silver. It forms salts with ^ 
acids. It also forms a curious compound with 
ammonia, that will be hereafter noticed. 

Salts of the oxide of silver are known by giving a 
black precipitate with sulphuretted hydrogen, and a 
white one with hydrochloric acid ; which latter dis- 
solves in ammonia, but not in nitric acid. 

A number of metals, as zinc or iron, precipitate 
metallic silver from solutions of its salts. In this 
manner a tree like the lead tree may be formed, which 
has been called arbor Diance, or arbor lunce. 



2. Chlobidb of Siltek. 

This occurs native, in which case it is called horn 
silver, and may readily be prepared by a solution of 
common salt with nitrate of silver. It is a curdy 
precipitate, insoluble in acids, but quite so in am- 
monia. Like all the salts of silver it is remarkably 
sensitive to light, and when in contact with organic 
matter becomes black under their influence. Hence 
its use in photography. 

3. lODIDB OF SiLTEB. 

This is obtained by decomposing any soluble salt 
of silver by iodide of potassium. It is a primrose- 
yellow substance, insoluble in water, and nearly so in 
ammonia. It fuses readily, and is even more sensi- 
tive to the light than the chloride. In consequence 
of this property it is the basis of the impression in the 
Daguerreotype process. 
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4. SUUHUHET OF SlLVBK. 

This occurs native, constituting the silver glance 
of mineralogists, and may be artificially formed by 
heating sulphur and silver together. It is remark- 
able for being soft and malleable. 



XXVin. Mekcurt, or Hydrargyrum. 

This metal is still commonly known by its alche- 
mical name. Another very common appellation of 
it is quicksilver. It is one of the metals that the 
ancients were acquainted with. It is a metal of com- 
paratively rare occurrence; it is found in small quan- 
tities, however, native, but the ore from which the 
mercury of commerce is extracted is the bisulphuret, 
or cinnabar. 

The mode of extracting mercury from cinnabar is 
by heating it along with lime, the result of the pro- 
cess being the metal and sulphuret of calcium. Ano- 
ther method consists in roasting the ore, by which 
the sulphur is converted into sulphurous acid and 
the mercury is volatilised. Commercial mercury 
usually contains a small admixture of other metals, 
from which it may be separated by distillation. 

Mercury at ordinary temperatures is fluid. It is 
without odour or taste, and has a whitish colour that 
somewhat resembles that of tin. It becomes solid at 
about 40° below zero, and is then malleable and can 
be cut with a knife. At 662° it vaporises and con- 

VOL. I. R 
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denses again on cool surfaces in metallic globules. 
Its specific gravity is more than 13. 

Mercury if quite pure does not tarnish on ex- 
posure to the air ; but if it contain other metals, these 
rapidly oxidate, in consequence of a galvanic action 
being set up between the metals. Nitric acid acts 
upon it, oxidates it, peroxide of nitrogen being 
evolved, and nitrate of oxide of mercury being 
formed. Sulphuric acid with the aid of heat forms 
with it sulphate of oxide of mercury. 

The atomic weight of mercury is 202 *, and its 
symbol Hg. 

The compounds of mercury described in this sec-, 
tion are as follow : — 

FoZTUQU* 

1. Troioxid* of I Mercury 1 atom 202+ Oxygen - I atom 8=210 Hg+O. 

mercuTp - 3 

2. Peroxide <lf ? Mercury 1 atom 202+ Oxygen - 2 atoms 16=218 Hg+20. 

tnercuTff - j 

3- ^'•o'''c*/orfif^ J Mercury 1 atom 202+Chlorine 1 atom 35=237 Hg+Cl. 
oj mercury j 

4. Per or Wc«o.7jjg^ J atom 202+ Chlorine 2 atoms 70=272 Hg+2a. 
TtafCff mere. \ 

*• ^^'jl?'*'/'"^;] Mercury 1 atom 202+ Iodine - 1 atom 126=328 Hg+I. 

®" ^i^i^y^ ^'■^l Mercury 1 atom 202+ Iodine - 2 atoms 252=454 Hg+21. 
mercury - j 

7- ^^^^'^ ^ I Mercury 1 atom 202+ Sulphur- 1 atom 16=218 Hg+S. 
8. Bitulphuret j Mercury I atom 202+ Sulphur - 2 atoms 32=234 Hg+2S. 

1. Protoxide of Mercust. 

This is often called the black oxide. It is prepared 
by the action of lime upon chloride of mercury. 
Double decomposition takes place. 

I atom chloride r Chlorine, 1 atom 36.^,.^ ... 

mercury 237 \ Mercury, 1 atom 202 * ^>^^^^" ^ *'o" oxXAe of mercury 210 

. -. « A. C Calcium, 1 atom 20 ^^^>^^ 1 atom chloride calcium 65 

atom lime, 28 J oxygen, 1 atom S--"'^ 

* Many state it 101. 
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J£ mercury be rubbed for a long time with fatty 
matter, the metal disappears, and is technically said to 
be killed. A portion of it is perhaps oxidated. 

Protoxide of mercury is black in colour, without 
taste or smell, is insoluble in water and the alkalies, 
but dissolves in nitric acid. It is readily decomposed 
by light, and is resolved into mercury and the per- 
oxide. It forms salts; the best tests for which are 
sulphuretted hydrogen, which throws down the black 
protosulphuret, and hydrochloric acid, which pre- 
cipitates the insoluble white protochloride, or calomel. 

2. Pbroxidb of Mercubt. 

This is frequently called red precipitate. It may 
be prepared in a variety of manners. One consists in 
vaporising mercury in an apparatus for the purpose, 
and exposing it for a very long period to the air. This 
process occupies, or did occupy, many weeks, and 
the apparatus in which it was effected was called 
** Boyle's hell," from the idea that the metal was 
tortured in it. 

A much more convenient plan is to decompose the 
bichloride of mercury by means of potassa. The de- 
composition that takes place is shown in the foUow^ing 
table: — 



1 atom bichloride f 2 atoms chlorine - 70 — :5^ 2 atoms chlor. of potai. 1 60 

of mercury, 272 ( 1 atom m«*rcury - 202"""^x-|'''''^ 

2 atoms potassa, f 2 atoms potassium - SO-''''^"'"*-^-...,^^ 

- 96 i 2 atoms oxygea - 16 ^^^* 1 at. peroxide of mere. 218 



Prepared in this latter manner, this oxide is of an 
orange-red colour, which becomes black with heat. It 

B 2 
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IS slightlj soluble in water, forming a solution that 
has an acrid taste. Heated to redness it separates 
into oxygen and mercury. It combines with acids 
and forms salts. These may be distinguished from 
salts of the black oxide by giving with ammonia a 
white precipitate, which is a double salt; 

Any solid compound of mercury, if heated with 
carbonate of potassa, gives a sublimate of metallic 
mercury. 

3. Fbotochloridb of Mercttsy, OB Galohei^ 

This mercurial compound has received a vast 
variety of names: manna of the metals, sweet 
mercury, calomel, submuriate of mercury, and many 
others. It occurs (but very rarely) native, and con- 
stitutes the horn-silver of mineralogists. It may be 
artificially prepared either by precipitation or subli- 
mation. It is conveniently obtained in the former 
manner by the action of chloride of sodium upon 
the nitrate of the protoxide of mercury. The 
change that takes place is as follows : — 

1 atom chloride f 1 atom sodium . 24 -z^ * ^XKsay nitrate soda 86 

of sodium, 59 \ 1 atom chlorine 
^tom nitric acid 
it.protox. Coxyg 
f mercury X mere. 



mercury, 264 J ^^ mercury \ mere. 202 -^^ 1 atom chlor. mere. 237 



To obtain calomel by sublimation, four parts of 
the bichloride of mercury are rubbed up with three 
parts of metallic mercury, and the mass sublimed. 
The union that takes place is obvious. 

1 atombichloride Jl f «™ ^^^^^ ^^^ ^ ^ ^ *'"*" *'^^*''*^^ of mercuij 237 

»r ».«»/..,... oToK i atom chiorme 35— 

of mercury, 272 ^ j ^^^^ chlorine 35--.^ 

1 atom mere. 202 1 atom mercury 200 — ■ 1 atom chloride of mercarj 237 
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As prepared by sublimation, calomel is in semi- 
transparent cakes ; but when it is procured by pre- 
cipitation it is a white powder. It is volatilised by 
heat, and during this process a portion is always 
converted into bichloride and mercury. It is not 
poisonous, has no taste, and it is exceedingly inso- 
luble in water. These three negative properties at 
once distinguish it from the bichloride or corrosive 
sublimate. 

4. Bichloride op Mercukt, or Corrosive Sublimate. 

If mercury be heated in chlorine it takes fire, and 
the very virulent poison bichloride of mercury is 
formed. For medicinal purposes it is prepared by 
mixing together one portion of sulphate of peroxide 
of mercury with two of chloride of sodium. The 
following decomposition takes place: — 

2 atoms chloride ('2 atoms chlorine 70 — „ 1 atom bichloride of mercury 272 

of sodium 118^2 atoms sodium 48^ 



1 atom sulphate ( 2 atoms oxygen - 16^ 

of peroxide of < 1 atom mercury 202x ,_^^ 

mercury 298 ( 2 atoms sulph. acid 80 T"?^ 2 atoms sulphate of soda - 144 

It is a semi-transparent, colourless substance of 
a crystalline texture. It has an acrid, burning, and 
metallic taste ; is soluble in water, and is extremely 
poisonous. It forms with the organic principle 
albumen an insoluble compound, and this substance 
is therefore an antidote to it. 

Corrosive sublimate may be determined to be a per- 
mercurial salt, a, by adding to a solution of it caustic 
ammonia, when a white powder is thrown down : 6, 
by adding protochloride of tin, upon which' calomel is 
precipitated ; and if the salt of tin be added in excess, 

& 3 
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the calomel becomes grey, owing to the separation of 
mercury in the metallic form : c, by sul- 
phuretted hydrogen in excess throwing 
down the black bisulphuret ; but if the 
sublimate be in excess, the white chlo- 
rosulphuret : and, rf, by the galvanic 
test, fig, A7, A drop of the solution 
is placed upon a sovereign and a key 
is made to touch the gold and the 
solution ; upon which the metallic mer- 
cury attaches itself to the gold. 



5. Iodide of Mebcitbt. 

This may be formed by triturating iodine and mer- 
cury together. It is an olive-green powder. 



6. BiNIODIDB OF MeECTJBT. 

This may be prepared by expelling, by means of 
heat, an atom of mercury from the previous com- 
pound. It is a scarlet-red powder. Heated, it fuses, 
and sublimes in crystals that are first yellow, but 
become scarlet-red. Sometimes, if kept very still, 
they retain their yellow colour; but the slightest 
touch causes them to become red. 



7. SULPHUBET OF MERCtTRT. 

This is an unimportant compound, of a black 
colour. 
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8. BismJ'HUBET OF Mebcubt. 

When a solution of sulphuretted hydrogen in ex- 
cess is added to a solution of corrosive sublimate^ 
this compound is precipitated, and is then black. If 
sublimed, however, it becomes red. Or it may be 
prepared by mixing sulphur and mercury together, 
and subliming. It is then often called factitious 
cinnabar, and, when powdered, the beautiful pigment 
vermilion. Bisulphuret of mercury occurs native, 
and is called cinnabar. 



XXIX. Gold, or Aubum. 

Gold has been known from the remotest antiquity, 
and in all ages seems to have commanded the homage 
and respect which it receives in our day. By the 
alchemists it was termed Jupiter, or Rex metallorum. 

There are no ores of gold, but it occurs in the 
metallic state either alone or combined with other 
metals. It is found either in primitive or metamor- 
phic rocks, or in small particles or gold dust in the 
beds of the streams that flow from them. Until re- 
cently its principal source was South America ; but, 
as the whole world knows, it has lately been abirn- 
dantly found in California and Australia. 

The separation of gold from other metals, and from 
sand, will be shortly considered in Book V. 



248 PHASIS OF MATTER. Book I. 

Gold IS the only metal that has a yellow colour. 
Of all metals it is the most malleable and ductile. 
Its density is 19. 

Gold may be exposed to air and moisture for any 
period without being oxidated. Neither does it com- 
bine with oxygen when fused in the open air. No 
ordinary acid has any effect upon it ; but if immersed 
in a mixture of nitric and hydrochloric acids it com- 
bines with a portion of the chlorine of the latter. 

The atomic weight of gold is 199, and its sym- 
bol Au. 

The compounds of gold noticed in this section are 
as follow: — 

1. Protoxide of gold - Gold 1 atom 199+ Oxygen 1 atom 8=!207 An+O. 

2. Peroxide of goid - Gold 1 atom 199+Oxygen 3 atoms 24=223 Au+30. 

3. Protockloride cf gold Gold 1 atom 199+ChIorlne 1 atom 35=234 Au+CL 

4. Perchloride qf gold • Gold 1 atom 199+ Chlorine 3 atoms 105=304 Au+3a. 

1. Pbotoxide op Gold.. 

This is obtained by the action of potassa on a solu- 
tion of protochloride of gold. It has a green colour, 
and soon after its preparation it spontaneously changes 
into metallic gold and peroxide. 

2. Feboxide of Gold. 

This is prepared by the action of alkalies upon the 
perchloride, the result of this mixture being an alka- 
line chloride and this oxide. When freed from water 
this has a black colour. It does not combine with 
acids, but apparently forms salts with alkalies. 
.* ]^ence it has been proposed to call it auric acid. 
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3. Protochlobide of Gold. 

This may be procured by depriving the terchloride 
of part of its chlorine by heat. 

4. Febcelloside of Gold. 

This is the only important chemical compound of 
gold. It is formed by dissolving gold in nitro- 
hydrochloric acid, and then evaporating. As ob- 
tained in this manner, it is in crystalline needles of an 
orange-red colour, and a styptic, disagreeable taste. 
It is soluble in water, ether, and alcohol. The 
ethereal solution is used for gilding, as it deposits 
metallic gold on a number of substances to which it 
is applied, particularly under the influence of light. 

Gold is precipitated from its solutions by a number 
of substances. The one usually employed as a test 
for it is sulphate of the protoxide of iron.* Proto- 
chloride of tin throws down, when added to a golden 
solution, the purple of Cassius, noticed under tin. 






XXX. Platinum. 



This is a valuable, but rare metal. It only occurs 
in the metallic state associated with other metals. Its 
principal sources are South America and the Uralian 
mountains. 

* The results are sesquisulpliate of the peroxide of iron, 
perchloride of iron, and the metallic gold. 
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Platinum has a white colour^ very like that of 
silver, but of inferior lustre* Of all j^^g^ 43, 
metals it is the heaviest; its specific 
gravity being 21*5. It is a soft metal, 
and, like iron, two pieces of it^ at a high 
temperature, can be welded together. 
Neither air, nor moisture, nor the highest 
heat of the forge of the smith, have 
any eflfect upon it. None of the pure 
acids have any action on it^ and only nitro-hydro- 
chloric acid dissolves it. Caustic potash, however, if 
melted upon it, oxidates it These two properties of 
resisting reagents and bearing so high a temperature, 
render it most useful to the chemist, who constantly 
employs crucibles {fig. 48.) made of it in the per- 
formance of analyses. 

Platinum heated before the oxy-hydrogen blow- 
pipe fuses and bums. 

There are two very curious modifications of 
platinum, called spongy platinum and platinum black. 
The former is prepared by mixing a solution of 
chloride of platinum in alcohol with an alcoholic 
solution of hydrochloride of ammonia, A double 
chloride is precipitated as a fine yellow powder. 
This is immediately rolled up into little balls and 
exposed to the fire. All the constituents of the com- 
pound salt, save the platinum^ are thereby expelled, 
but the metal that is left has a light^ spongy appear- 
ance. This spongy platinum possesses the remarkable 
property of causing oxygen and hydrogen to unite. 
This property was mentioned at p. 103., and there 
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also a diagram of Dobereiner's lamp, founded upon 
this fact, is given. 

Platinum black is the metal in a state of still finer 
division. Its power of promoting the union of hy- 
drogen and oxygen is still greater, and advantage is 
taken of its properties in this respect in many pro- 
cesses of organic chemisty. 

The atomic weight of platinum is 99, and its 
symbol PL 

The compounds of platinum described in this 
section are as follow : — 



*• ^p^!^ ^j Platinum 1 atom 99+Oxygen - 1 atom 8=107 Pl+0. 

^* ^lartiww ^] Platinum 1 atom 99+Oxjgen - 2 atoms 16=115 Pl+20. 

^* ^^^t^m i P'atmum 1 **<>» 99+ Chlorine 1 atom 35»134 Pl+Cl. 

** ^^kulnum ^i Platmum » a'om 99+Chlorine 2 atoms 70=169 P1+2C1. 



1. Pbotoxidb of Platinum. 



It is produced by digesting the protochloride with 
as much potassa as is exactly sufficient for the de- 
composition. If an excess of potassa be added it 
dissolves it. This oxide forms salts with acids. 



2. Peroxide op Platinum. 

This is prepared by decomposing the sulphate of 
the peroxide of platinum by means of soda. It is 
with difficulty obtained in a pure form, as, like the 
peroxide of gold, it has a tendency to act as an acid 
and combine with the alkali. 
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3. PBOTOCHLORn>£ OF FlATIXUH. 

This is formed by expelling an atom of cMorine 
from the bichloride by heat- It is a greenish-olive 
powder. 

4. Peechloridi: of Pi^rtKTJM, 

This is obtained by digesting metallic platimim in 
nitro-hydrochloric acid and then evaporating- It is 
soluble in water and alcohoL It is used as a test for 
potassa. 

A soluble salt of platinum as this bichloride may 
be detected by giving, with hydrochlarate of amnioniaj 
a yellow precipitate, which, when heated^ becomes 
spongy platinum ; a substance that is insoluble in all 
acids save nitro-hydrochloric acid. 



XXXI. Palladium, Iridium, Ehodiusl 

These rare metals are associated' with platiBunij 
and are of no practical impoi'tance* 



253 



CHAR VIIL 



ALLOYS AND AMALGAMS. 



The metals would appear to unite with one another 
in almost all proportions, in the same manner as 
sulphuric acid and water do. Hence, metallic com- 
binations with one another, or alloys and amalgams, 
as they are named, are not chemical compounds, but 
mechanical admixtures : nevertheless, the properties 
of alloys often diflFer very considerably from those of 
the metals that form them ; and the economical uses, 
and the prospect of still greater economical uses, to 
which they may be put, render them very interest- 
ing compounds. 

In nature a great many alloys exist ; indeed, it is 
rare to fine a metal alone ; but very curiously, with 
the exception of the alloy found in meteoric stones, 
which the Esquimaux employ in the construction of 
their knives, n^o native alloy is of any practical use. 
In practice, again, we find that, while some metals 
may be used advantageously in a pure state, as 
platinum, iron, lead, copper, and zinc, others must 
(although in common language we regard them as 
pure) be alloyed. Thus, in the arts, gold, silver, and 
tin are always mixed with other metals ; and if this 
were not done, would be so soft as to be comparatively 
useless; antimony and bismuth, again, must be alloyed 
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with other metals to prevent their excessive brittle- 
ness ; and some of the more frequent alloys possess 
properties that no simple metal has^ and save iron, 
one, perhaps, of the greatest importance in the arts. 

In fact, as far as regards its properties and uses, 
every separate alloy must be taken as a distinct metal 
More than sixty alloys have been, more or less, 
studied, but a great many more may be formed ; and 
there can be little doubt but that very desirable 
results would attend a searching examination of such. 
In this chapter we can only notice the composition 
and properties of a very few. 



I. Brass. 

This is an alloy of copper and zinc, and has been 
known from the remotest antiquity. It was formerly 
prepared by mixing together metallic copper, calamine 
(t. «., carbonate of zinc), and charcoal, and exposing 
the mixture to bright ignition ; but for many years 
it has been prepared by the fusion together of the 
two metals. The best proportion of the two elements 
for making brass for ordinary purposes is said to be 
two parts of copper to one of zinc. 

Brass, when cold, is malleable and ductile, and may 
be beat into leaves and drawn into wire. When 
heated, however, it becomes brittle. It has a bright 
yellow colour, takes a fine polish, is little acted upon 
by the air, and is easily worked with turning and 
other instruments. In the state of wire it is much 
used in the manufacture of pins, and, beaten into 
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leaves, it constitutes the imitation of gold-lSaf called 
Dutch gold. 

Prince's metal is a variety of brass in which the 
zinc preponderates in quantity over the copper. The 
platin, or button-metal of Birmingham, is another 
mixture of brass and zinc ; and pinchbeck, an alloy 
formerly a good deal used for making cheap watch- 
cases, is brass containing a large excess of copper 
over the zinc. 



XL Bronze and Gun Metal. 

Bronze essentially consists of an alloy of copper 
and tin, although a little lead and zinc are often 
added. Before the discovery of the art of working 
iron, bronze seems to have been used for the manu- 
facture of weapons and of ordinary implements. 
Owing to its fusibility and hardness, bronze is now 
much used for making cannon, and also, as indeed 
has been the custom from time immemorial, for the 
casting of statues. 

Bronze and gun-metal contain about eight parts of 
copper to one of tin. Somewhat curiously, this was 
the proportion fixed upon by the pre-historic manu- 
facturer of bronze swords, &c. 



III. Bell IVIetal. 



Common bell metal contains about 100 parts of 
copper to from 40 to 60 of tin. This alloy is brittle. 
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but very sonorous ; and hence the use to which it is 
put The metal of house-clock bells contains more 
tin than that cast for church bells, and the metal of 
a repeater has, in addition, a little zinc. 

A very fine kind of bell-metal is made by the 
Chinese for the purpose of forming gongs, and called 
tamtam. Tamtam contains less tin than our bell 
metal. 



1 



IV. Speculum: Metal. 

This IS a white, brittle alloy, also composed of 
copper and tin ; and which, owing to the fine polish 
that it will take, is used for making the mirrors of 
reflecting telescopes. 

It is made by fusing together 100 parts of copper 
with 50 of grain tin. 



V. Pewter. 

Before the improvements in earthenware manufac- 
ture pewter was much used at table as plates, &c. At 
present it is employed to make dish- covers, measures 
for malt liquors, and teapots. 

Pewter used to consist of lead and tin, in the pro- 
portion of one of the former to four of the latter. Too 
much lead was often added, which, becoming oxidated, 
produced salts having poisonous efiects. But a great 
part of the pewter now made for beer measures 
consists of 100 parts of tin, 8 of antimony, 2 of 
bismuth, and 2 of copper. 
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The variety of pewter used for making Britannia 
metal teapots is said to be composed of equal parts of 
tin, antimony, bismuth, and brass; but the proportions 
probably vary in every manufactory. 



VL Solder. 

The process of soldering consists in uniting the sur- 
faces of metals by the intervention of a more fusible 
metal. This is melted upon each surface; and, partly 
by cohesive force, partly by its melting the surface 
of the metal and forming an alloy, makes the two 
cohere. 

DiflFerent alloys are used for soldering different 
metals. Tin plates are soldered together with an 
alloy consisting of from 142 parts of tin to 1 of lead ; 
solder for pewter contains in addition bismuth ; silver 
is usually soldered with pure tin, gold with an alloy 
of gold, and silver and platinum with pure gold. 



VII. Allots for Coins. 

Gold and silver are so soft that, were coins con- 
structed solely of them, they would rapidly wear 
away. They are therefore always alloyed with copper, 
in the proportion of about one part in twelve. 



VOL. I. 



258 PHASIS OF MATTER. Book L 



"VTEL Gebman or Nickel Silver 

This is composed of 25 parts of nickel, 25 of zinc, 
and 50 of copper; but the composition doubtless 
varies in different manufactories. 

The Chinese pack-fong is a similar alloy. It is said 
to consist of 5 parts of copper alloyed with 7 of zinc 
and as many of nickel. 



IX. Fusible Metal. 

This is composed of 8 parts of bismuth, 5 of lead, 
and 3 of tin. It fuses at 202^, and serves to take casts 
of anatomical preparations. 



X. Type Metal. 

This consists of 3 parts of lead and 1 of antimony. 
That used for taking stereotype plates contains twice 
as much lead. 



XI. Amalgams. 

The amalgam employed in making mirrors con- 
sists of 1 part of lead, 1 of tin, 2 of bismuth, and 4 
of mercury ; 1 part of zinc, 1 of tin, and 2 of mer- 
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cury constitute the amalgam used in the electrical 
machine ; and an amalgam used for gilding brass 
is composed of 1 part of gold and 8 of mercury. 
But the mercury of this is afterwards expelled by 
heat 
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CHAP. IX. 

GENERA.L PROPEBTIES OF SALTS. 

Hitherto we have considered the properties of the 
elementary bodies and of some of those binary com- 
pounds which by virtue of their various aflBnities they 
form with one another. As before stated, these che- 
mical affinities are supposed to be in some way de- 
pendent upon the electric condition of the elements, 
and two elements that combine together to make a 
compound are believed to do so in consequence of 
having opposite electric energies. This belief has 
affected the nomenclature, and the name that ex- 
presses the genus to which a binary compound be- 
longs is always derived from the electro-negative 
element. Thus, in naming the compound formed by 
the union of one atom of nitrogen and one of oxygen, 
we do not use the expression nitruret of oxygen, but 
oxide of nitrogen; because oxygen has a greater 
electro-negative energy than nitrogen. So we say 
sulphuret of potassium not potassuret of sulphur, 
because potassium has a less electro-negative energy 
than sulphur ; and so on for the rest. 

None of these binary compounds can unite with an 
elementary body. Sulphuric acid, for example, can 
form no compound with metallic iron. Some organs 
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of the binary compounds show no disposition to unite 
with other binary compounds ; as, for instance, the 
peroxide of lead and other compounds noticed in 
Chap. VIII. But usually these binary compounds 
have very strong affinities for one another, do com- 
bine together, and form sundry compounds having 
altogether diflferent properties from those of the two 
binary compounds the union of which makes them. 

The most striking instances of this tendency of bi- 
nary compounds to unite together is to be seen in the 
acids and alkalies. The affinities between these two 
classes of compounds is very strong, and they form 
by their union salts. Thus the common acid sul- 
phuric acid, forms with the alkalies oxides of potas- 
sium, and oxide of soda the salts sulphate of potassa 
and sulphate of soda. In such instances the acids are 
endowed with the electro-negative energy (they ge- 
nerally contain a preponderance of oxygen), and the 
alkalies with the electro-positive. Hence the name 
of the genus of this class of compounds is indicated 
by the importance given to the electro-negative ele- 
ment Sulphates, nitrates, phosphates, with the electro- 
positive alkali added. 

Those salts formed by the union of two binary 
compounds, an acid and an alkali, often combine with 
water or with other salts to form still more complex 
compounds. To the distinct formation of a decided 
compound by the union of two salts, the name of 
double salt is given. In such instances of the two 
combining salts, the one has an electro-positive, and 
the other an electro-negative energy. 
In the infancy of modem chemistry very exact de- 
s 3 
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finitions of acid^ alkali^ or base^ and of the salts formed 
by the union of the two previous, were given ; from all 
which, as the science has advanced, it has been found 
necessary to depart 

For instance, an acid was formerly considered to be 
characterised by three properties; 1st, that it contained 
oxygen ; 2nd, that it had a sour taste and reddened lit- 
mus paper ; and, 3rd, that it neutralised alkalies. The 
discovery of hydrochloric and other acids containing 
no oxygen, but acting in every other respect like acids, 
completely banished the first of these tests. Then 
some compounds which, from their insolubility, are 
neither sour nor characterised by reddening, were 
clearly determined to belong to this class of chemical 
compounds. And, lastly, some acids universally ad- 
mitted as such, as the carbonic, were not quite able 
to destroy the alkalinity of potassa. Accordingly at 
present any substance is regarded as an acid which 
unites with potassa or other recognised alkalies, form- 
ing by such union bodies similar in their general 
chemical character to the compounds which sul- 
phuric or other unquestioned acid forms with such 
alkalies. 

A similar latitude is also now extended to alkalies 
or rather bases. The old definition of an alkali was 
causticity, an alkaline taste, and action upon colours, 
and the power of neutralising acids and thereby form- 
ing neutral salts. At present, although these proper- 
ties are considered essential to an alkali proper, yet 
the last of them is the only one now considered 
essential to form a salifiable base ; and any binary com- 
pound that unites with an admitted acid, as the nitric 
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or sulphuric, and forms with such compounds ana- 
logous to those formed by the union of an acid and 
alkali, is regarded as a base. 

In like manner, and of necessity, a very extended 
meaning began to be given to the expression salL 
For long it was confined to the combination of an acid 
(containing oxygen) and a base (also containing oxy- 
gen). And these salts of which both acid and base 
contain oxygen, still constitute a very large and im- 
portant class of salts called oxy-salts. But ever since 
the discovery of hydrochloric and other acids that 
contain hydrogen instead of oxygen, but which form 
with bases salts exactly analogous to the oxy-salts, 
these compounds have long been considered as true 
salts, and receive the appellation of hydro-salts. 

Another class of salts is now universally admitted. 
The reader cannot have omitted to notice how closely 
sulphur corresponds in its chemical relations with 
oxygen, and he will not be surprised to learn that 
as there are oxy-salts, — saline compounds, in which 
the acid and the base both contain oxygen — so there 
are sulphur-salts, in which both the electro-positive 
and the electro-negative binary compounds, the imion 
of which forms them, contain sulphur. Among 
the sulphur bases may be mentioned the protosul- 
phurets of potassium, sodium, magnesium, &c., and 
among the sulphur acids sulphurets of arsenic, anti- 
mony, &c. 

There is yet another class of salts, first distin- 
guished as a class by Berzelius, and now generally 
admitted. These are called haloid salts (from aXs, 
seawater, and alSos, form\ because in constitution 

B 4 
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they resemble sea salt, or chloride of sodium ; that is 
to say, they are not formed by the union of two com- 
pound bodies, but are binary compounds of two ele- 
mentary ones. According to this view all the chlo- 
rides, iodides, bromides, and fluorides are haloid. 
Whether these compounds approximate more to salts 
than to the oxides and sulphurets it is not necessary 
here to consider. In an elementary work they cer- 
tainly seem to be more conveniently considered along 
with the oxides, and as such are noticed in Chaps. VL 
and VII. 

But, as the oxysalts unite with one another, form- 
ing double salts, so do these haloid bodies ; and as 
such have been described as haloid salts by some 
systematic writers. Their example may be conve- 
niently followed, and hence we have in this chapter 
to notice four different classes of salts* : — 

I. The oxysalts, both acid and base of which con- 
tain oxygen. 

II. The hydrosalts f, both acid and base of which 
contain hydrogen. 

III. The sulphur salts, both acid and base of 
which contain sulphur. 

IV. The compound haloid salts, both acid and base 
of which contain haloid salts. 

* As will be afterwards noticed ; ammoniacal salts are an 
exception. 

f It IS important to remember that salts such as were 
formerly called hydriodate of potassa, &c., — a name that seemed 
to imply that they were compounds of a hydro acid and an 
oxy base, — are now believed to consist of a haloid salt, iodide 
of potassium, &c., and water. 
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Before proceeding to details, however, it will be 
proper to consider some general properties of salts. ^ 

Salts differ very much in their relations with re- 
gard to water. Some are deliquescent, and attract 
the water from the atmosphere, becoming liquid. 
Nitrate of lime is an example of this. Others only 
attract water from a damp atmosphere; while some, 
again, undergo no change whatever, even if exposed 
to an atmosphere loaded with watery vapour. 

So also do salts vary very much with regard to their 
solubility in water. Some, indeed, are quite insoluble 
in that fluid ; some require many hundred times their 
own weight to dissolve them; while others freely melt 
in their own weight of water. As mentioned in 
Chapter I., during solution there is usually great re- 
duction of temperature. 

As the water in which any salt is dissolved evapo- 
rates, particularly if the evaporation ^take place 
slowly, the salt is deposited in regular crystals. As 
the particular shape of the crystal of every salt is, 
under the same circumstances, constant, these crys- 
tals constitute an important physical character, by 
means of which salts can be distinguished one from 
another. A statement of the principal forms of crys- 
tals forms the conclusion of this chapter. 

During the act of crystallising a great many salts 
combine with a definite quantity of water, called the 
water of crystallisation, and which is essential to the 
formation of the crystal. Some crystallised salts 
when exposed to the air part with a portion of their 
water of crystallisation, and crumble down as a 
powder. Such are said to effloresce. Also this 
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water of crystallisation may in all cases be expelled 
b J heat 

In some cases, however, a portion of the water is 
so forcibly retained by the salt that it cannot be ex- 
pelled save by a temperature that decomposes the 
salk In some of these instances the water appears to 
act as a base, as will be again brought under our 
notice when we have to consider the phosphates. But 
it is now generally believed that the water thus obsti- 
nately retained by a salt exists sometimes in a state 
neither as water of crystallisation nor as basic water. 
This has been named by Graham, who first pointed 
this out, ** constitutional" water. The speculations 
of this chemist upon this water, and the constitution 
of salts in connection with it, have an important bear- 
ing upon the philosophy of chemistry. 

Salts when they crystallise often mechanically en- 
close water^ within their structures. If such salts are 
heated the water expands, and the salt is burst into 
fragments. A crackling noise attends this process, 
which is called decrepitation. 

By the action of the voltaic battery salts are de- 



It is necessary now to consider the various forms 
assumed by crystals. 

A work treating on chemistry cannot explain at 
length the mechanical system of crystallography, 
which has now become a very complex affair. But 
as reference must be made, when noticing salts, to 
the forms that their crystals assume, and as few 
general readers are familiar with crystallography, the 
following brief outline is necessary. 
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Six systems of crystals exist, which may be 
grouped into three classes, as follow : — 



Clam I. Monometric, containing one system, 



Class II. Dimetric 



Class III. Trimetric 



Til. I. The regular or 
cubic, 

i Quadratic » ^, 2. The square pris- 
matte. 
Hexagonal - t, 3. nerhombokedric, 
! Erect . - „ 4. Right pritmatic. 
Oblique - - .. 5. OMiaue prismatic. 
Doubly oblique „ 6. Doubly oblique 
prinnatic. 



Class I. Mokometrig. 

Essential character. — Three rectangular and equal 
axes. The refraction of light single, and the ex- 
pansion by heat the same in all directions. 



Ststsu 1. Reoulab OS Cubic. 



Essential character, — As there is only one system 
in the class, this is of course the same as that of the 
class. See/ig. 49. 

Fig. 49. 
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To this system belong 

Fig. 50. 



Book I. 



The Cube. 



J^^. 51. 




Regular Octohedron. 



Fig. 52. 




Dodecahedron. 



Fig. 53. 




Tetrahedron. 



Class II. Dimetric. 

Essential character. — The axes not rectangular 
and equal, but two of them equal ; the refraction of 
light equal in all directions save one end ; the ex- 
pansion bj heat also equal in two directions. 



Ststem 2. Squasb Fbishatic. 

Essential character. — The axes three, rectangu- 
lar and two equal, and belonging to Class IT. 
See fig. 54. 
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Fig, 54. 
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To this system belong 

Fig. 55. 




Octohedron with Square 
Base. 



Fig.i 


>6. 




Fig. 57. 
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Right Square 
Prism. 



Combination of 

Octohedron and 

Prism. 



In fig. 57. is shown the combination of the octo- 
hedron and prism. 



System 3. Rhombohedric. 

JEssential character. — Axes four; three of them 
equal and placed in a plane ; they cross at angles of 
60°. The fourth axis differs from the others in 
lengthy and is perpendicular to them. Seefig. 58. 
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Fig* 58. 



Boa^L 




To this system belong 
i^. 59. 




Fiff 





Rhombohedron or RbDitibaJtL 



HexAgomoi Prlmi, 



Fig, 61, 




Fig. 62. 



W 



The Sealenohedfoa. 



CorablDatton of RbotDbobo^Utni 



Fig. 62. shows a combination of the rhomboid with 
the hexagonal prism. 
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Class III. Tbimetbic. 

Essential character. — The axes three and unequal; 
the refraction of light double in all directions but 
two ; and the expansion by heat unequal. 



System 4. Right FsisMATia 



Essential character. — The three axes are rectangu- 
lar. See^. 63. 

Fig. 63. 



r^^^ 



t-: 



.Iff-;' ^- 



V\ 



To this system belong 

Fig. 64. 




Fig. 65. 



/ 


7 


/ 



Octohedron with 
Rectangular Bate. 



Right Rectangular 
Priim. 
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Fig. 66. F^. 67, 





Octohedron with 
a Rhombic Base. 



BJfht Rliflmbic Tvlna. 



System 5. Oblique rRiBK^Tic;. 

Essential character. — Axes three j and all tmequal; 
and two of them cut one another obliquely, and are 
perpendicular to the thii'd, Smfig^ 68. ^ 

Fig. 68. 




To this system belong 

Fig, 69. 




Oblique Octohedron with 
Rectangular Bate. 



Fig. 70, 



[i^ 



Oblique Rectan^ar Prjjtm« 
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Fig. 71. Fig. 72. 
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Oblique Octohedron with 
Rhombic Base. 




Oblique Rhombic Prism. 



System 6. Doubly Oblique pRisMAxia 

Essential character. — The three axes all oblique, 
and unequal, and angular to one another. See 
%. 73. 

Fig. 73. 




To this system belong 

Fig. 74. 




Doubly Oblique Octohedron. 
VOL. L 



Fig. 75. 




Doubly Oblique Prism. 
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CHAP. X. 

THE MORE IMPOETANT SALTS. 



A. OXY-SALTS. 
L Sulphates. 

All soluble sulphates may be readily detected by 
chloride of barium. A white powder^ the sulphate 
of baryta^ is at once thrown down^ and is insoluble in 
acids or alkalies. A sulphate that is insoluble may 
be recognised by heating it in a platinum crucible, 
along with carbonate of potassa ; mutual decomposi- 
tion ensues, and if the residue be dissolved in water, 
and the potassa neutralised with hydrochloric acid, 
chloride of barium will throw down the characteristic 
white sulphate of baryta. 

If a sulphate be heated along with carbonaceous 
matter the carbon combines with the oxygen of both 
acid and base^ and a metallic sulphuret is formed. 

1. Sulphate of Potassa. 

This has received many names. The most com- 
mon of its old-fashioned is sal polyclirest, which 
literally means salt of many virtues. It may be 
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prepared by adding sulphuric acid to carbonate of 
potassa ; in which case the carbonic acid is expelled. 
It is usually obtained by neutralising with carbonate 
of potassa the residuum of the distillation of nitrio 
acid (see p. 150.). It is saline and bitter to the taste, 
and is inodorous. It crystallises in single or double 
six-sided pyramids, the primary form of which is the 
right rhombic prism. The crystals contain no water 
of crystallisation, and are unacted upon by the air. 
They decrepitate when heated, and fuse at a red heat. 
They dissolve in six times their weight of boiling 
water, and sixteen of water at 60°. Sulphate of 
potassa is a remarkably hard salt 

2. BiSULPHATK OF F0TA88A. 

This was formerly called acid, vitriolated tartar, 
and other names, and is now, as it contains an atom 
of basic water, called sulphate of potassa and water. 
It is prepared by adding sulphuric acid to the sul- 
phate. It is crystallisable, the primary form of its 
crystal being a right rhombic prism. It has a very 
sour taste, and reddens litmus paper. It dissolves in 
its own weight of boiling water, and in twice its 
weight of water at 60^ Heated, it is resolved into 
sulphate and sulphuric acid. 

3. Sulphate op Soda. 

This compound, or Glauber's salts, occurs in ani- 
mals and plants. It is obtaijied by adding sulphuric 
acid to carbonate of soda, and commercially it is 
procured in a large quantity from the residue for 

T 2 
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making chlorine. It has ' a saline^ very bitter taste. 
It crystallises, the crystals commonly belonging to 
the right prismatic system. They contain ten atoms 
of water of crystallisation; the whole of which is 
lost by efflorescence on exposure to the air. One 
part of it dissolves in three parts of water at 60*^, and 
in one at 212^ 

4. Sulphate of Bastta. 

This occurs native, and is called heavy spar. As 
such it is generally massive ; but it is sometimes in 
crystals, the form of which is variable. It is easily 
formed by double decomposition, and is remarkable 
as being one of the most infusible and insoluble sub- 
stances known. 

5, Sulphate of Lime. 

This IS formed by adding sulphuric acid to any 
soluble salt of lime. It is found abundantly native. 
It occurs in the anhydrous state, in crystals belong- 
ing to the right prismatic system, and is called an- 
hydrate. United with two atoms of water, one of 
which is held to be constitutional, it forms gypsunl, 
the white compact variety of which is alabaster. 

The water, however, of gypsum can be expelled 
by heat, and calcined gypsum constitutes plaster of 
Paris ; which, when mixed with water, rapidly com- 
bines with it and becomes solid. As it so solidifies, 
it expands, and hence fills up the interstices of a 
mould in which it is put On this account it is used 
for making casts. 
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It is a remarkable fact, however, that if the heat 
exceed 300*^ the sulphate of lime will not combine with 
water, but forms a permanent artificial anhydrate. 

Sulphate of lime dissolves in about 500 parts of 
cold water, and, as it exists very abundantly in the 
earth, almost all spring water holds some of it in 
solution, and it is the common cause of hardneaa, as it 
is teimed^ in that fluid* 

6. Sulphate op Magnesia. 

This salt, commonly called Epsom salts, is present 
in many springs. For commercial purposes it is pro- 
cured by the action of sulphuric acid upon carbonate 
of magnesia. It readily crystallises in small quad- 
rangular prisms ; but it may be obtained in larger 
ones, the principal form of which is a right rhombic 
prism. Sulphate of magnesia has a very bitter taste, 
is soluble in its own weight of water at 60**; its 
crystals contain water of crystallisation ; heated to 
212° they part with it save two atoms; one of these 
they lose at 270^ and the other at 460°. 

7. Sulphate op Alumina. 

By mixing sulphuric acid, water, and alumina a 
bisulphate is obtained which crystallises in thin flexi- 
ble plates. 

8. Sulphate op Oxide op Manganese. 

There are two sulphates, one of the oxide and the 
other of the sesquioxide of manganese. The latter 

T 3 
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fa prepared by dissolving the sesquioxide in sulphuric 
acid* 

9. Sulphates of Oxides of Ibon. 

a. Sulphate of the Protoxide of Iron. This is very 
commonly called green vitriol, or green copperas. 
For commercial purposes it is prepared by the action 
of air upon the bisulphuret In the laboratory it is 
obtained by the action of dilute sulphuric acid upon 
metallic iron. The iron is oxidated by the oxygen 
of the water, hydrogen is evolved (see p. 96.), and 
sulphate of the oxide formed. 

Sulphate of the protoxide of iron crystallfaes in 
transparent green crystals, the primary form of which 
is an oblique rhombic prism. If exposed to the air, 
they absorb oxygen, and acquire, first a yellowish 
green tint, owing to their becoming converted into a 
sulphate of the black oxide, and then become brown, 
owing to a sulphate of the sesquioxide being formed. 
They are soluble in two parts of cold water ; and the 
solution, if exposed to the air, becomes reddish, and 
deposits a sulphate of the sesquioxide. This, of 
course, is owing to the absorption of oxygen. 

Sulphate of iron has an acrid, styptic taste. It 
crystallises with seven atoms of water, one of which 
is constitutional. 

J. Sulphate of the Sesquioande of Iron. This salt 
may be prepared by pouring sulphuric acid upon the 
red oxide. 

c. Sulphate of the Peroxide of Iron. This may be 
formed by the action of nitric acid upon the proto- 
sulphate. 
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10. Sulphate of Oxide ot Zinc. 

This is sometimes known by the name of white 
vitriol. It is easily procured by the action of sul- 
phuric acid upon water and metallic zinc ; the decom-* 
position that takes place being exactly analogous to 
that which happens in the preparation of sulphate of 
protoxide of iron. It is also made by roasting the 
native sulphuret of zinc. It crystallises in right 
rhombic prisms, which dissolve in two parts and a 
half of cold water and have a strong styptic taste. 

11. Sulphate of Oxidb of Cofpeb. 

This is a sulphate of the protoxide, and is popu- 
larly named blue vitriol. It is best formed by adding 
diluted sulphuric acid to oxide of copper and then 
evaporating. It is deposited in fine blue crystals, the 
primary form of which is the doubly oblique prism. 
They contain five atoms of water ; four of which are 
lost at a temperature of 212% and the fifth at 430% 
At this last temperature they fall down into a white 
powder, which, if brought into contact with water, 
combines with it, giving out considerable heat Sul- 
phate of protoxide of copper has a styptic, metallic 
taste, and dissolves in four parts of water at 40^ and 
two of boiling water. 

If ammonia be added to a solution of protoxide of 
copper, a suboxide is thrown down which is soluble 
m an excess of ammonia. This then forms a deep 
blue solution called ammoniated sulphate of copper, 
the exact nature of which is not very well known, 
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but which is used as a test for arsenic. It is also 
prepared by rubbing sulphate of copper with sesqui- 
carbonate of ammonia; in which case the carboaic 
acid of the latter is driven oK 

12. Sulphates of QxtDsa of Meucitrt; 

K two parts of mercury are gently heated vrith 
three of sulphuric acid, and a sulphate of the prot> 
oxide is formed. If a strong heat be employed^ the 
efifervescence that takes place is more violeuts more 
oxygen is derived from the air^ and a bisulphato of 
the peroxide is produced. If this latter be thrown 
into hot water it is decomposedj free sulphuric acid 
separates and mixes with the water, and a yellow 
subsulphate, formerly called iurpeih mineral^ subsides. 



Double Sulphates* 

13. Sulphate op Likb axd Soda. 

This occurs native, constituting the glauberite of 
mineralogists. It may be artificially formed by fusing 
sulphate of soda and sulphate of lime together in the 
ratio of their atomic weights. It cryatalliseSj forming 
oblique rhombic prisms. 



14. Sulphate of Pot ass a A2n> MAoyE:8iA. 

If solutions of these two salts be mixed together 
in atomic proportions, and the common solution be 
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evaporated, this double salt is obtained in crystals 
belonging to the oblique prismatic system. 

15. Sulphate op Potassa and Alumina, or Cohvon Alum. 

The mode of preparing this important double salt 
varies. In this country it is usually obtained from 
aluminous shale ; a mineral containing sulphur, iron, 
alumina, and, generally, potassa. It is extensively* 
worked near Paisley and at Whitby; the shale at the 
latter place, however, being deficient in potassa, some 
salt of that substance requires to be added. The 
shale is roasted, by which the sulphuret of iron is 
oxidated, and the sulphuric acid combines with the 
potassa and alumina. By frequent crystallisation this 
double salt is detached from the oxide of iron. 

Alum has an astringent and sweetish taste. It 
reddens litmus paper. It crystallises in octohedrons, 
and the crystals contain no less than 24 atoms of 
water. When heated they froth up very much and 
part with this water, becoming anhydrous alum, or 
the burnt alum of the shops. At a red heat they are 
decomposed, the acid being given oflF. 

Alum is soluble in 18 times its own weight of water 
at 60®, and in its own weight of boiling water. 

If alum is calcined with carbonaceous matter, a 
very inflammable substance, called Homberg's pyro- 
phorus, is formed. This owes its properties to sul- 
phuret of potassium, which is formed during the 
calcination. 

Alum having exactly the same form, appearance, 
and taste as the salt just noticed, it may be formed 
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by substituting ammonia or soda in place of the 
potassa. 

Or, we can replace the alumina by another sesqui- 
base* Thusy for instance, there is an — 

a. Iron Alum. This is made by mixing sulphate of 
potassa with sulphate of peroxide of iron and eyapo- 
rating. Crystals are obtained, in colour, form and 
taste, exactly the same as those of common alum. 

b. Chromic Alum. This is prepared by the mixture 
of sulphates of potassa and chromium. 

These alums present very good examples of iso* 
morphism. 



M^^^^^^i/V^'V^^ 



IL Sulphites, 

The salts formed by sulphurous acids are not im- 
portant They all have an alkaline reaction, and are 
very readily decomposed by other acids; and are also 
very apt to absorb oxygen and become converted into 
sulphates. 



III. Nitrates.' 

These salts may be formed by the action of nitric 
acid, either on metals — in which case a portion of 
the acid oxidates the metal, — or on bases, or on car- 
bonates. All the salts of nitric acid being soluble, it 
is impossible to precipitate this acid by any reagent 
The nitrates, however, may be known by the follow- 
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Fig, 76. 




ing characters : — If heated with sulphuric acid^ they 
disengage nitric acid, which may be recognised by its 
striking an orange-red colour with morphia; or the 
nitrate, copper filings, and sulphuric acid may be in- 
troduced into the tube a^Jig. 76., to 
which a small curved glass tube b is 
attached* H«at is applied to a, nitric 
acid is separated ; but the copper ap- 
propriates three of the atoms of oxy- 
gen, and binoxide of nitrogen is evolv- 
ed. This bino2(ide blackens a solution 
of protoxide of iron. Accordingly a 
drop or two of solution of protosul- 
phate of iron is put into the bend of 
b; and this, whenever the binoxide 
of nitrogen passes through it, be- 
comes farther oxidated and of a black 
colour. 

All the nitrates are decomposed by 
heat alone ; and they are still more 
readily so decomposed when carbon- 
aceous matter is mixed with them. Hence they are 
frequently used for oxidising other substances. The 
nitrate usually fixed upon for this purpose is the 
nitrate of potassa, or saltpetre. This is usually per- 
formed by mixing the inflammable body with an 
equal weight of the nitrate, and throwing the mixture 
in small quantities into a red-hot crucible. This pro- 
cess is called deflagration. 

1. NiTEATB OP FOTASSA. 

Nitrate of potassa is usually formed by putting 
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decaying animal matter amongst soil which contains 
potassa. The nitrogen of the animal matter and a 
portion of the nitrogen of the air (as will be, it having 
a very important bearing upon fanning, noticed in 
Book IV.) become oxidated and converted into nitric 
acid, which combines with the potassa. It naturally 
forms in hot countries in this manner, and is largely 
imported from the east It is purified by repeated 
crystallisations. 

Nitrate of potassa is a colourless salt, which crystal- 
lises in six-sided prisms. When pure, the crystals 
are transparent and colourless, and have a saline and 
cooling taste. It dissolves in its own weight of 
boiling water, but requires seven parts of water at 
60°. During its solution in the latter a good deal 
of cold is generated; and hence it is used in fri- 
gorific powders. It has no water of crystallisation, 
although it usually contains some mechanically mixed 
with it. At 616° it fuses, and, like all the nitrates, at 
a red heat is decomposed. 

It is used as an oxidating agent and in the manu- 
facture of nitric acid; in making gunpowder, and 
frigorific mixtures ; and, owing to its antiseptic pro- 
perties, in the preservation of meat and butter. 

2. Nitrate op Soda. 

This is formed in hot countries by the action of the 
air upon salts containing some salt of soda. It may 
be artificially made by adding nitric acid to carbonate 
of soda. It crystallises in rhombs. It is very 
soluble in water, and deliquescent^ It is employed in 
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the manufacture of nitric and sulphuric acids^ and as 
a manure* 

3. NiTBATB OF StBOKTIA. 

This may he made by digesting the native car- 
bonate in nitric acid. Sometimes it crystallises in 
anhydrous octohedrons^ and at others it contains a 
quantity of water of crystallisation; and then its 
crystals belong to the oblique prismatic system. It 
is used for making red fire at theatres, and for fire- 
works. 

4. Nitrate of Pbotoxidb of Coffeb. 

This salt is prepared by the action of dilute nitric 
acid on copper. It crystallises in oblique rhombs of 
a blue colour, which are very soluble and deliquescent. 
Heated up to 400% it parts with a part of its acid, 
and a subnitrate remains. 

5. Nitrates of Oxides of Mercurt. 

When mercury is dissolved in an excess of nitric 
acid with heat, a nitrate of the red oxide is formed. 
If this be dissolved in water, a basic nitrate, each 
atom containing three atoms of the oxide, is thrown 
down. If the mercury be dissolved in dilute nitric 
acid, without heat, a nitrate of the black oxide is 
formed. 

6. Nitrate of Oxide of Silver. 

This salt used to be called the infernal stone, and 
often yet receives the name of lunar caustic. It is 
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prepared bj mixing together silver and dflute acid^ 
and then evaporating the water. The following table 
indicates the decomposition that occurs in this case 
and in similar ones : — 



!1 atom binoxtde 
of nitrogvn W -1 atom bbioxlde 
i^ ^. — of nitrogen 30 

S atomi oxygon U^-^ S.atomt oxide sUrer 348 v 
S atoms ilWer - - 324^ X 

3 atoma nitric acid - - 162< ^S atoms nltnte 

of silver • 510 



Nitrate of oxide of silver forms transparent colour- 
less crystals, the primary form of which is the right 
rhombic prism. Its taste is harsh and metallic. It 
fases by heat; and when the temperature reaches 
600° or 700% decomposes, being resolved into oxygen, 
nitrous acid, and metallic silver. Exposed to the air 
it blackens, owing to the presence of any organic 
matter that may be in the atmosphere. The nitric 
acid would appear to attach itself to this ; and the 
black colour is owing to the formation of an oxide 
of silver. Its action as a caustic is of the same 
nature. Nitrate of silver is soluble in its own weight 
of cold, and half its weight of hot, water. It Is 
much used in the laboratory as a test for chlorine 
and hydrochloric acid. 



rV. Nitrites. 

The compounds of nitrous acid with bases have 
been little studied, and are of no importance. 
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V, Chlorates. 

The chlorates very much resemble the nitrates. 
They all consist of one atom of acid and one of 
base^ are decomposed by a red beat^ deflagrate with 
great violence with inflammable substances^ and so 
readily evolve oxygen, that very slight causes pro- 
duce in them violent explosions, and are all (with 
one exception, the chlorate of oxide of mercury) 
soluble in water. 

Chlorates may be known by the action of sul- 
phuric acid upon their solutions, which causes the 
evolution of the very peculiar smelling peroxide of 
chlorine. 

1. Chlobate op Fotassa. 

This was formerly known by the name of oxy- 
muriate of potash. It is prepared by passing chlorine 
gas through a solution of potassa* The solution, 
after having been boiled for a few minutes, contains 
ehloride of potassium and chlorate of potassa. If a 
portion of the water be evaporated, the chlorate of 
potassa crystallises, the chloride of potassium re- 
maining in solution. 

These crystals belong to the oblique rhombic prism 
system. They taste cool, dissolve in sixteen times 
their weight of cold water, and in two-and-a-half 
of boiling. Rubbed in the dark, they become lu- 
minous* Owing to the readiness with which it sup- 
plies oxygen, it is the basis of many fulminating 
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mixtures, and, amongst other uses, smeared over a 
brimstone match it constitutes lucifers. 

2. VvaCBLOBAtE OF POT188A<r 

This salt is only of importance owing to its being 
the least soluble salt of potassa. Hence perchloric 
acid is a test for potassa. 



VI. Chlorites. 

Chlorites of alkalies are easily made^ by transmit- 
ting a stream of chlorous acid gas through the solu- 
tions of pure alkalies. They are also possessed of 
very strong bleaching and oxidising properties. 
They may be known by the evolution of chlorous acid 
when sulphuric acid is put to them. 

1, Htpochloritb of Lime. 

Towards the close of the last century, Mr. Ten* 
nant, of Glasgow, took out a patent for a substance 
called Tennant's bleaching powder. Great difference 
has prevailed regarding the chemical nature of this 
substance. It is formed by passing chlorine through 
lime ; and many suppose that it is a compound of 
chlorine and oxide of calcium, a chloride of lime. 
Others, with greater probability, think that one por- 
tion of the chlorine unites with so much of the cal- 
cium and forms chloride of calcium, while another 
portion of the chlorine unites with the oxygen to be- 
come hypochlorous acid, which combines with the 



Chap* X. 



THE OXY-SALTS. 



289 



nndecomposed lime to form the compound in ques- 
tion. According to this view, Tennant's bleaching 
powder is a mixture of chloride of calcium and 
hypochloride of lime. The following diagram illus- 
trates this : — 



8 atoms chlo- 
rine - 70 



4 atoms 
hydrated 
lime - 148 




1 atom chloride 
. ofcaldam 55 



1 atom trio-hypo- 

chlorite of 
lime . . 127 

^4 atoms water 36 



It is a dry, white powder, that smells of chlorine 
and has a strong taste. It dissolves partially in 
water, and the solution has very powerful bleaching 
properties. These depend upon the chlorine that 
the powder contains ; and, since that found in com- 
merce is not equally pure, its value is ascertained 
by the power of a given quantity to discharge a solu- 
tion of indigo of known strength. 

Hypochlorite of lime is also much used to destroy 
putrid odours, to check putrefaction, and, although 
this action is by no means so certain, to destroy 
the matter of contagion. 



2. Htpocbloeitb of Soda. 

This is prepared by passing chlorine through a 
solution of carbonate of soda. A decomposition 
analogous to the last takes place, and chloride of 
sodium, bicarbonate of soda, and hypochlorite of 
soda are formed. Its solution is called the disin- 
fecting liquor of Labarraque* 

VOL. I. u 
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VII. lODATES. 

These salts closely resemble the chlorates^ and^ 
like them^ form deflagrating mixtures with carbo- 
naceons matter. Deoxiding agents^ too^ readily de-* 
prive the acid of these salts of their oxygen^ and 
sulphoroas acid, for example, sets the iodine free. 
This also serves as a test for them. 

lODATE OF FOTASSA. 

This may be formed by adding iodine to a concen- 
trated solution of potassa. Iodide of potassium and 
iodate of potassa are formed. The former is dis- 
solved out by boUing alcohol, the iodate being in- 
soluble in that menstruum. It is not a compound of 
much interest. 



Vm. Phosphates. 

According to the old view there are three isomeric 
phosphoric acids, — the phosphoric, the pyrophos- 
phoric, and the metaphosphoric ; each of which forms 
with bases salts. The characteristic of these acids 
is, that the first of them unites with one atom of a 
base, the second with two, and the third with three. 

The prevalent opinion regarding their constitution 
now 19, that the so-called phosphoric acids are in 
reality salts (viz., phosphates of the oxide of hydro- 
gen, or water), and that — 
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Phofphoric acid is (2F+50)+ (HO). 
Pyrophospborfc acid is (2P+50)+2(HO). 
Metaphosphorlcacidis (2P+50)-f-3(HO). 

Accordingly the first kind combines with one atom 
of an alkaline (or metallic) base to form a salt^ the 
second with two, and the third with three. Hence 
they are now commonly called the monobasic, the 
bibasic, and the tribasic phosphoric acids. 

Recently quite another view has been proposed ; 
which is mentioned here not that it is necessary in an 
elementary book, but as indicative of a strong ten- 
dency that is growing among modem chemists to 
altogether give up the common opinion with regard to 
the constitution of acids and salts, and to consider the 
acid to be a compound of a radical* with hydro- 
gen, and that the hydrogen may be replaced by an 
equivalent of metal, and that when this takes place a 
salt is formed. According to this manner of regard > 
ing the matter, the three phosphoric acids are all 
distinct ones, and are composed as follows : — 

2P-f60+H. 

2P+70+2H. 
2P+80+3H. 

As a hydrogen acid forms a neutral salt by the 
substitution of an atom of metal for each atom of 
hydrogen, these acids must necessarily require one, 
two, and three atoms of base to neutralise them, and 
must therefore produce difierent salts. 

According to the older or commoner view the proto- 

* A salt radical is that part of a salt which is non-metallic. 
The metal part is now often called a salt basyle. 

u 2 
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phosphates are the compounds of the phosphoric or 
monobasic acids, and (and in agricoltnre this is 
tamed to great practical advantage) they are all 
soluble in water* They also redden litmus paper^ 
and hence in common language are often called su- 
perphosphates. The triphosphates (except those of 
the pure alkalies) are insoluble in water, but can bj 
the action of strong acids be converted into the soluble 
phosphates. 

A soluble phosphate is known from all other salts 
save an arsenite, by throwing down a yellow precipi- 
tate (phosphate of oxide of silver), when a solution of 
nitrate of oxide of silver is added to it. And it is 
known from an arsenite by not being changed in 
colour nor yielding a precipitate when a stream of 
sulphuretted hydrogen is passed through it. 



1. TitlPHOSFHATE OF SoD4l (jkKD BaSIC WaTBB — TuBSZB)* 

This is often named the rhombic phosphate, owing 
to the shape of its crystals. It is prepared by neu- 
tralising superphosphate of lime by carbonate of soda. 
Each atom of it is associated with no less than 
twenty-five of water. It has a very alkaline re- 
action. 



2. Tbifhosfhate of Soda akd Auhonia (Ain> Basic Watsb). 

Prepared by mixing together the above rhombic 
phosphate of soda with hydrochlorate of ammonia in 
a solution of hot water* It is much employed as a 
flux, and is often called microcosmic salt. 
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3. Phosphate of Liub. 

This exists in bones^ and is obtained hj calcining 
them. It is not soluble in water. 



4. Tbifhosfhatb OS* Limb. 

This, the superphosphate of the farmers, is ob- 
tained, as above explained, by the action of sulphuric 
acid on the preceding. 



IX. Absenites. 

The arsenites of potassa and soda may be pre-^ 
pared by acting upon these alkalies by arsenious 
acid. They are very soluble in water, and, as stated 
under arsenious acid, form a yellow arsenite of oxide 
of silver, when mixed with the nitrate of that base ; 
green arsenite of peroxide of copper when mixed 
with sulphate of that oxide ; and yellow orpiment 
when mixed with sulphuretted hydrogen. Arsenite 
of potassa is used in medicine. 



X. Ghbomates. 

These salts are usually of either a yellow or a red 
colour, the latter tint being most developed when the 
acid is in excess. They may usually be distin- 
guished by their colour, but any of them may also 
be recognised by boiling them in hydrochloric acid 
n 8 
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mixed with alcohol, upon which the chromic acid is 
first set free and decoAiposed, a green solution of 
chloride of chromium being produced. 

1. Chroilltes of PoTAsai. 

Bichromate of potassa is extensively manufactured. 
It is obtained by heating to redness the native oxide 
of chromium and iron along with nitrate of potassa, 
upon which chromic acid is generated, which unites 
with the potassa. A neutral chromate is obtained in 
a pure state by solution in water and crystallisation. 
To a solution of this sulphuric acid or acetic acid is 
added, which combines with some of the potassa, and 
the bichromate falls down in four-sided tabular crys- 
tals, that have a rich red colour. 

2. Cbboxate oe Oxide of LEiJ>. 

This is prepared by mixing together nitrate ^of 
lead and bichromate of potassa. Chromate of lead, 
or chrome yellow, is precipitated as a fine^ lemon- 
yellow-coloured powder. 

By adding a warm solution of potassa to the neu- 
tral chromate of lead half the acid is removed, and a 
dichromate of lead is formed, having a bright ver- 
milion colour, and named chrome red. 

Various mixtures of these two are made, having 
different shades of orange and red, and sold as 
pigments. 

3. Chbomatb of Oxide of Silyeb. 

This is prepared by mixing solutions of biiAro- 
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mate of potassa and nitrate of oxide of silver. If 
dissolved in nitric acid it is deposited in tabular 
crystals of a rich crimson colour. 

4. Chbomatb of Oxide ov Mbrcubt. 

This is formed by mixing a solution of chromate of 
potassa and subnitrate of mercury. It is of a brick- 
red colour. 



XL Borates. 

The boracic is so feeble an acid that the borates of 
soda and potassa have an alkaline reaction, and are 
readily decomposed by the stronger acids. They 
are all remarkably fusible in the fire. 

Borates may be easily recognised. Any of them 
digested in sulphuric acid is decomposed ; and if the 
solution be evaporated and the residue dissolved in 
alcohol^ the alcoholic solution burns with a green 
flame. 

BiBOBATE OF SODA. 

This occurs native. It crystallises in prisms be- 
longing to the oblique system, which effloresce on ex- 
posure to the air, and dissolve in twenty parts of 
cold and six of warm water. Each atom is united 
with ten of water. This may be driven away by heat, 
and then the compound becomes a vitreous trans- 
parent solution, — ^glass of borax. 

n 4 
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By a little management in the crystallisation it 
may be obtained in octohedrons^ which are not efflor- 
escent^ and which only contain five atoms of water. 

It is used as a flux, and the latter kind is thought 
the best suited for that purpose* 



B. HYDRO-SALTa 

iTiese as well as the members of the two other 
classes of salts only require a very short notice. 

Hydro-salts are those the base and acid of which 
contain hydrogen. At one time the neutral com- 
pounds formed when hydrochloric, hydriodic, and 
other similar acids were added to oxidised bases 
were considered hydrochlorates, hydriodates, &c. ; but 
it is now believed, as before stated, that the chlorine 
and iodine of the acid combine directly with the 
metal, forming a chloride, iodide, &c., and that the 
hydrogen of the acid and the oxygen of the base 
unite and form water. 

The compounds of ammonia (a substance to be 
described in a subsequent Book) with the hydracids 
constitute the most important kind of hydro-salts ; 
and *even these, as will be subsequently mentioned, 
may be compounds of chlorine, &c, with the hypo- 
thetical basyle ammonium. 

The only hydro-salt, then, that falls to be noticed 
here, and that more as an example than for any in- 
terest that it possesses, is — 
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Htdbiodate of Phosphuketted 'Htdkogen. 

This consists of one atom of acid and one of 
base. It crystallises in cubes. The crystals are 
only permanent when dry, and if mixed with water 
yield a solution of hydriodic acid, and phosphuretted 
hydrogen gas, which escapes. 



C. SULPHUR SALTS. 

These compounds are double sulphurets, both 
base and acid containing sulphur, just as both base 
and acid of the oxy-salts contain oxygen. The more 
important sulphur acids are the protosulphurets 
of potassium, sodium, &c., and the sulphur bases 
arsenic, antimony, &c. Two examples of this class 
of salts will be sufficient. 

1. Htdbosulfhuret op Sulphuket op Potassium. 

In this compound hydrosulphuric acid is the electro- 
negative ingredient, and sulphuret of potassium the 
positive one. Each atom of it contains an atom of 
its acid and of its base. It may be prepared by 
saturating a solution of pure potasssa with hydro- 
sulphuric acid. At first the potassa exchanges ele- 
ments with the gas and water, and protosulphuret of 
potassium are formed ; and then the protosulphuret 
unites with the excess of hydrosulphuric acid. By 
careful evaporation, the double sulphuret is obtained 
in four or six-sided prisms. 
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2. Absemio-Pebbulphubbt of Sulphubet of PoTASSiniL 

This is a compound of sulphuret of arsenic with 
sulphoret of potassium. It is a salt of a lemon- 
jellow colour, in which rhomboidal tables may be 
distinguished. 



D. HALOID SALTS.* 

One or two examples of these will be quite suffi- 
cient. 

1. FuLTnro-BicaLOBiDB OF Chlobidb of PoTAssnrK. 

This salt was formerly noticed as being produced 
when perchloride of platinum is added to potassa 
(see pp. 168. and 288.) It is usually obtained as a 
yellow powder, but if slowly evaporated it crystal- 
lises in octohedrons. If heated to redness, it yields 
chlorine, and the residue consists of platinum and 
chloride of potassium. 

2. OXTCHLO&IDE OF ChLOBIBB OF IrON. 

This class of salts used to be called submuriates, 
on the supposition that they consist of hydrochlo- 
ric acid combined with two or more atoms of an 
oxide. The one under notice is of a green colour, 
and is believed to be a compound of chloride of iron 
and protoxide of iron. 

* Double haloid salts of most writers. 
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Such is an account of the elementary bodies, and 
of the compounds which we witness them forming in 
the laboratory. Some of these compounds, indeed, 
they form in nature ; but most of the above com- 
binations either take place under the torture of fire 
or the arbitrary tyranny of the chemist. In nature 
their unions are more complex ; and even in the dead 
world, while a body so simple as a binary compound 
is rare, an elementary body is scarcely ever seen 
alone and unassociated with other substances. We 
pass, then, from the simplification of the laboratory to 
consider how the elementary bodies, the properties 
and affinities of which we have been considering, are 
really arranged in the minerals and rocks that con- 
stitute the crust of the globe. 
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CHAPTER L 

THE COMPOSITION OF THE MOST DCPOBTANT OF THE 
MINERALS. 

The chemical elements of which the inorganic 
world is composed rarely exist separately. Usually 
several of them unite together; and when these 
compounds thus formed are solid, they are called 
minerals. The different minerals differ from one 
another^ not only in chemical composition, but in 
their external and physical properties. Many of 
these are of very great importance, and now de- 
mand our consideration. 

I. QUABTZ. 

This mineral is the most abundant of any. It is 
present in almost every rock; and in most of the ear- 
lier ones it occurs in very large quantities. Unmixed 
with other minerals, and in a comminuted state, it 
forms the immense masses of matter that constitute 
the sands of the desert and of ocean beds. 

Quartz is essentially oxide of silicon, and is com- 
posed of one atom of silicon and one of oxygen ; but 
in nature it almost always has associated with it small 
quantities of alumina, lime, and iron, and sometimes 
magnesia and manganese, but these substances rarely 
amount to five per cent. 
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Qaartz readily scratches glass and strikes fire 
with steeL Two pieces^ rubbed together in the dark> 
become laminous. It is sometimes transparent, 
sometimes translucent, and sometimes opaque. When 
pure, it is colourless ; but it occurs in such abundance, 
that it is mixed up with many other substances, and 
then becomes of various colours. Also, for the same 
reason, it has been subjected to different degrees of 
pressure ; and it is to these two circumstances that is 
owing the many subvarieties of quartz that occur*; 
all of which, however, are essentially oxides of silicon. 
Among the more important of these subvarieties 
we may enumerate — 

a. Flint. This is usually of a dark-grey colour, 
and consists of about 98 per cent, of oxide of silicon, 
with a little lime, alumina, and iron. It is found in 
the chalk formation, and is the quaptz of the older 
rocks that have formed thesfe, mechanically altered 
by the changes it has gone through. Flints, 'when 
exposed to the air, in time crumble down, and then 
constitute that variety of sand called gravel. Flints 
used to be much used for guns and for glass-making, 
but percussion caps 'and pure silicious sand are now 
generally substituted for them. 

b. Bock Crystal, This is a nearly pure quartz, 
distinguished by being always transparent and gene- 
rally white or brown. It is usually found in the 
primitive rocks. It is principally used as a gem, and 
made into seals, necklaces, &c., and, when large, into 
drinking-cups. These last were held in great esteem 

* Quartz is usually found in hexagonal crystals. 
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by the Romans. Sometimes rock crystal is of an 
orange colour, in which case it is often called a topaz, 
and in Scotland a caimgorum. Its form of crystal- 
lisation is a hexagonal prism. 

c. Amethyst This is also a pure quartz, re- 
markable for its purplish-violet colour, and which 
occurs, although sparingly, in a great many formations. 

d. Jasper. This is quartz with from nearly two to 
four per cent, of oxide of iron, which communicates 
a colour to it usually of a reddish-brown nature. It 
occurs in a great many formations, and is employed 
for ornamental purposes. 

e. Chalcedony. This variety of quartz includes 
the carnelians (generally blood-red), and the helio- 
tropes (commonly dark green with deep-red spots) or 
bloodstones. 

/. Opal. This is a hydrated quartz, sometimes 
containing as much as ten per cent, of water. It is 
generally of a milk-white colour and semi-transparent. 
It is found in primitive and trap formations, and is 
used as a jewel. 

g. Homatone. This is a compact, translucent form 
of quartz, probably not very pure. It is common in 
many secondary and tertiary formations, and fre- 
quently contains petrifactions. This name hornstone 
is given to it from its somewhat resembling horn in 
colour, fracture, and transparency. Its colour, how- 
ever, is sometimes yellow or green. It is used as an 
ornamental stone and for mill-stones. 

With regard to the above varieties of quartz we 
may observe, that the silicon and oxygen of which 
they are essentially composed probably united toge- 

VOL. I. X 
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ther the moment that these two elements were created, 
and that quartz has therefore existed as quartz ever 
since matter was called into being. And when we 
consider what has happened to almost everj particle 
of quartz since that time, — ^how it has been made to 
change its position, exposed sometimes to intense heat, 
at others to extraordinarj pressure, and at others 
again mixed with foreign substances, — we can easily 
understand how by this time the above varieties (and 
others not enumerated) have acquired their pecu- 
liarities. The formation of agate, the next variety to 
be noticed, although properly belonging to the next 
Chapter, is perhaps not quite so easy of explanation. 

A. Agate. This is not a mineral, but a rock; that 
is to say, it consists of several minerals ; but its che- 
mical constitution is an oxide of silicon. It is in fact 
composed of a mixture of the above varieties, quartz, 
chalcedony, flint, hornstone, carnelian, jasper, and 
amethyst 

Agate, or Scotch pebble, as it is often called^ occurs 
in masses usually two or three inches in diameter, 
but sometimes larger, imbedded in the amygdaloidal 
trap rocks. The agates have clearly been deposited in 
a hole formed in the trap, and also as clearly after the 
trap had cooled ; and they are not cemented to the 
trap, but have commonly a thin layer of green earth 
interposed between their surface and that of the sur- 
rounding trap. The centre is very frequently apiece 
of quartz, and surrounding it are layers of the above- 
mentioned ingredients. Owing to these different 
layers a polished surface of agate presents a beauti- 
fully variegated appearance. 

The trap rocks, as we shall soon have occasion to 
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notice, are produced by igneous and volcanic action. 
As during eruptions of volcanoes much gas is evolved, 
we can easily understand that just when the trap 
was solidifying large bubbles of gas would be arrested 
in their transit upwards, and thus form the cavities in 
which the agates are deposited. It is more difficult 
to comprehend how so many varieties of quartz are 
formed in so limited a space. Perhaps the quartz 
flowed into this cavity, and the diflference of the forms 
that it took depended upon — 1st, various admixture 
with some of the amygdaloid, then not quite solid; 
and, 2dly, upon slight degrees of difference of intensity 
of heat and pressure. Fig. 77. illustrates the con- 
struction of the agate. 

Fig. 77. 




Agates are found pretty abundantly in the trap 
formations of Scotland, and in those of Germany, &c. 
They are used in the arts for making mortars in which 
to pound very hard substances, and also for making 
ornaments, snuff-boxes, and vases. About ninety-eight 
per cent, of agate is composed of oxide of silicon. 

X 2 
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II. Felspak- 

Quartz with its subvarieties is a compound of oxy- 
gen and silicon, and is indifferently called oxide of 
silicon or silicic acid. This silicic acid has a strong 
affinity for both alumina and potassa; and, as both 
these two latter substances occur very abundantly in 
nature, it is not surprising that duriftg the many con- 
vulsions that have so frequently brought the different 
material elements of this world in approximation, a 
mineral has been largely formed by the union of 
silicic acid with these two bases. Such has been the 
case ; and to this double silicate of alumina and po- 
tassa is given the name of felspar. 

Common felspar is generally either white or red, 
sometimes grey, and more rarely blue or green. It 
takes upon it, however, a great many intermediate 
colours. It is generally massive and disseminated, 
but sometimes crystallised. It is hard, but less hard 
than quartz, heavy, and easily broken. It occurs so 
very abundantly, that the proportions of the ingredi- 
ents of different specimens vary somewhat. Perhaps 
the following exhibits its average composition :— 



Silicic acid 


. 


- 64 parts. 


Alumina 


- 


- 20 „ 


Fotatsa 


- 


- 14 „ 


Lime - 


- 


- « ,. 



It also frequently contains a little soda, magnesia, 
and iron. Felspar is one of the most abundant 
minerals in nature ; forming fully two- thirds of the 
older rocks, a considerable portion of igneous ones, 
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and occurring also in other formations^ generally 
associated with quartz and with hornblende and mica. 
When exposed to the air its chemical constitution is 
liable to be affected^ and its elements enter into other 
arrangements immediately to be noticed. We pro- 
ceed to enumerate some subvarieties of felspar. It 
usually occurs in rectangular prisms. 

a. Compact Felspar. This is probably fused com- 
mon felspar, with which a little fused quartz has 
combined. Sometimes it is harder than the common 
felspar ; but it is frequently softer, and when it is s6 
receives the name of clay-stone. It occurs in com- 
paratively small quantities in the primitive mountains, 
but in considerable quantity in some of the transition 
and later formations. It is frequent, for instance, in 
the Pentland hills. A specimen of it from this last- 
mentioned source gave, when analysed, the following 
result : — 



Silicic acid . 


. 7117 


Alumina 


- 13-60 


Fotaasa 


. 319 


Lime - 


- -40 


Oxide of iron - 


. 1-40 


Manganese 


- -10 


Volatile matter 


- 3-50 probably water. 




98-36 


Loss 


- 6-64 




100- 



J. Atbite. This is a variety of felspar in which 
some soda is substituted for part of the potash. Its 
appearances and physical properties are almost iden- 
tical with those of common felspar, and its occurrence 
is only another illustration of the fact that soda and 

X 3 
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potassa are isomorphous substances. The following 
is an analysis of albite : — 

SlUdcacid . - 68-4ft 

AlttmiiM . ^ . . 18-71 

Soda - - . 11*24 : 

PotM«a - - - *65 

Ltme - - • '50 

Magnesia - - '18 

Peroxide of iron > '27 

100- 

Albite is founds but in no very great quantities, in 
granite and the other more primitive rocks^ but is 
more abundant in the igneous greenstones. 

c. Obsidian* This is a brittle^ compact mineral, 
or rather compound mineral; generally, but not 
always, of a velvet-black colour and of a vitreous 
aspect that indicates that it has been formed by the 
rapid cooling of heated masses, probably of felspar and 
(in a much smaller proportion) of opal. It occurs 
in volcanic countries, as Iceland and many parts ad- 
joining the Mediterranean, but in far greater quantity 
in South America. It was formerly used in this last- 
mentioned continent for making mirrors and cutting 
implements. Cortes, in his letter to Charles V. says, 
that he has seen razors made of it. It is also found 
in New Zealand. The following is Murdoch's ana- 
lysis of a specimen found in the Bay of Islands : — 



Silicic acid 


- 75-20 


Alumina 


- 6»6 


Soda and potassa 


- 7-57 




- 383 


Peroxide of iron 


- 6-54 



100- 

d. Pumice. Thi? is probably obsidian suddenly 
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cooled when minute babbles of gaseous matter were 
passing through it. At any rate it is found in the 
same localities, and has the same chemical constitu- 
tion ; but, owing to its mechanical condition being then 
affected, its specific gravity is much reduced, to such 
an extent indeed, that it swims upon water. It is 
used in this country fof polishing mirrors, soft stones, 
leather, &c. ; in the East, in the bath rooms, to re- 
move superfluous hairs, and, according to Jameson, 
by the Mediterranean sailors to rub off their beards, 
as a substitute for shaving. 

e. Kaolin. This is nothing else than felspar which 
has split to very minute particles by frosts and become 
permeated by water, one portion of which has been 
chemically combined with it, but another part of which 
has washed out some of the silicate of potassa. It is 
found in small quantities lying upon rocks containing 
felspar, such as granite. It is used for making the 
finest kinds of porceldn. It is distinguished from 
common clay by the extreme fineness of its particles, 
and by its soiling strongly. The following is an 
analysis of a specimen of it found in DevonsKire : — 

SUicicacid ..... 47-20 
Alumina with traces of iron and manganese 38'80 
Magnesia and lime - • . • . -24 
Alkali and loss .... 1-76 
Water -12 

8812 

/. Clay, Clay is simply a coarser kaolin, and is 
formed by the decomposition of felspar.* The basis 

* Of course we mean the greater part of the claj has this 
origin. The minerals that contain alumina in small quantities 
may have produced a little of it. 

X 4 
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of claj is essentially alumina, and some of the clays 
are perhaps nearly pore alumina, the silicates having 
been washed away. But clay almost invariably con- 
tains silicic acid, lime, potash, soda, &c. The ap- 
pearances, &C., of clay are so familiar, that it is unne- 
cessary to describe them. Two varieties, not how- 
ever common, of clays are ren^arkable for containing 
a large amount of magnesia; these are soapstone and 
the meerchaum clay used for making pipe-heads. 
Very probably a great part of our agricultural claya 
likewise contain magnesia, and perhaps a little sul- 
phur, phosphorus, &c. 

It will be observed that the prominent character of 
the quartzes consists in their affording silica, while 
that of the felspars lies in the alumina which they 
contain. 



IIL Hornblende. 

Hornblende is a mineral the colour of which passes 
from a greenish black to an olive-green, and some- 
times to a liver-brown. The blacker-coloured horn- 
blendes are opaque, but the edges of those having a 
greener hue are translucent. It is brittle, but not 
very hard. It is a very common mineral, forming 
nearly the entire mass of hornblende slate; united 
with felspar it composes syenite, and with albite 
greenstone rocks. It is also common in granite, 
gneiss, mica, and chlorite slates. When exposed to 
the air it is remarkably prone to crumble down ; and 
no rocks perhaps so rapidly form soils as those that 
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are rich in this substance. * It occurs commonly in 
oblique, four-sided prisms. The following is aa 
analysis of a specimen of it : — 



Silicic acid . 




- 6010 


Magnesia - 




- 24-31 


Lime - - 




- 12-73 


Iron (protoxide) 




- 100 


Manganese (do.) 




- -47 


Alumina ^- 




- -42 


Fluoricadd - 




- -83 


Water - 




- -15 
100-01 



The most important subvariety of hornblende is — 
a. Augite, The colour of this mineral is usually 
a greenish black. It is brittle^ and has a higher spe- 
cific gravity than hornblende. Like hornblende it is 
a -constituent of many igneous rocks, but not the 
same igneous rocks as those in which hornblende is 
abundant Augite occurs in basalt, clinkstones, &c. 
The following is an analysis of it: — 

Silicic acid .... 54*15 

Lime 24-74 

Magnesia .... 18-22 

Protoxide of iron ... 2'61 

Protoxide of manganese - - *18 

Alumina - - - - "20 

100- 

When hornblende and augite are crumbled down 
and form soil, the magnesia they contain will doubt- 
less be very valuable ; but in the soil formed over 
primitive and igneous rocks their main use is de- 
pendent upon the lime which forms so large a portion 
of them. The lime obtamed by the soil lying over 
later formations is, as we shall soon have occasion to 
notice, derived from another source. 
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We maj remark thai angite (as is also the case 
with felspar) is sometiines artificially formed in the 
sides of the furnaces of iron-smelting works. 



IV. Mica. 

There are three varieties of mica proper^ and also 
some other minerals so closely allied to it that we may 
put them down as subyarieties. Mica usually occurs 
in rhomboidal^ four-sided prisms^ or in regular six- 
sided ones. Each of these may be enumerated sepa- 
rately. 

a. Potash-mica. Mica is remarkable for its split- 
ting into laminas. According to Barry a lamina of it 
may be obtained the 250,000th of an inch in thick- 
ness. This form of mica is very abundant It is 
an essential constituent of granite, gneiss, and mica 
slates, and it is often present in a great many other 
formations. The analyses that have been made of it 
vary ; owing probably, in a great measure, to its 
being mixed up with specimens of magnesia-mica. 
The following is an analysis made by Rose : — 



Silicic acid . 




- 47-50 


Alumina 




- 87-SO 


Iron (peroxide) 




- 3-20 






- -90 


Fotaisa 




- 9-60 


Fluoric add - 




- S-S6 


Water- 




. S*68 



101-59 



Rose always found fluoric acid, but the quantity 
in the above must have been accidental. 

Potash-mica is sometimes formed artificially during 
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metallurgic processes, when wood Is the fiiel em- 
ployed. In such a case the potash is of course de- 
rived from the wood ashes. 

6. LiAicMnica. This in physical appearance re- 
sembles the foregoing, save that it is often of a rose- 
red colour. It is found in granite, gneiss, &c., and is 
sometimes used as an ornamental stone^ The follow- 
ing is one of the analyses made by Turner : — 



Silicic acid . 


- 00-91 


Alamina 


- 2817 


Mangaaete (oxide) - 


. 108 


Fotasaa 


. 9-50 


Ltthia 


- 6-67 


Fluoric acid - 


. 411 



99-44 



It is said to contain also a small proportion of 
phosphorus in the form of phosphoric acid. 

c, Magnma-miccu The peculiarity of the compo- 
sition of this is that it contains about twenty per cent, 
of magnesia and less alumina than the two fore- 
going. 

d. Chlorite. This is a very important and widely- 
distributed mineral. It occurs in thin plates, which 
are translucent and sometimes transparent, and is 
remarkable for its green colour. It is found in 
granite, gneiss, and other primitive rocks, also in 
basalt and other igneous rocks, and is most abundant 
in chlorite slate. The analyses of it are variable. 
One gives the following results : — 



SUicic acid - 




. 25-51 


Alumina 




- 21-91 


Magnesia - 




- 22-88 


Iron (protoxide) 




- 16- 


Water 




- 12- 
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The green ear^ found in amygdaloid is probably 
decayed chlorite. The agates found in the amyg- 
daloidal cavities, noticed above, are generally sur- 
rounded with a little of this substance. 

e. Talc* This mineral resembles mica, but is dis- 
tinguished from it by its very greasy feel, its soft- 
ness, and by its colour, which is generally greenish. 
The mineral sometimes called steatite is said to be 
only a different form of talc. 

Talc and steatite occur in many crystalline rocks, 
and are sometimes put to strange uses. Both are 
employed in the manufacture of rouge, and rouge 
made from them is said not to make the skin harsh. 
In the East they are employed for rubbing the body 
to make the surface smooth. The Chinamen mix the 
ashes of talc with wine, and use it as an elixir viUb; 
but the most extraordinary employment of it is its 
being eaten by Indians and Africans to appease the 
pangs of hunger. Talc is composed of about sixty per 
cent of silicic acid, and of about thirty of magnesia. 

/. Serpentine. This mineral, usually of a green 
colour, is translucent at the edges, occurs massive, 
is soft, and feels somewhat greasy. It is found in 
primitive rocks (where the beds of it usually contain 
iron and copper ores) and in igneous rocks. As it 
is easily worked and takes a good polish, it is em- 
ployed sometimes for making ornamental boxes, &c. 
Its chemical composition very much approximates to 
that of talc. 
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V. Calc Spar. 

Calc spar, or limestone, is distinguished bj its 
effervescence when acids are applied to it, and by its 
complete solubility in nitric and hydrochloric acids. 
It is a carbonate of lime, and is composed entirely 
of the shells of dead animals. It of course occurs in 
every geological formation upon which animal life 
has had a being ; that is to say, it is present upon the 
Silurian and all subsequent formations, and it is at 
this moment being largely deposited in the South Seas 
by the corals, myriads of whom are daily dying and 
leaving their osseous structures to form coral reefs or 
limestone deposits. As in the primitive world horn- 
blende was the main source of lime to the soil, so 
now — and such has been the case for an immense 
period — plants have to obtain their supply of this 
necessary constituent mainly from this calc spar. 

As limestone occurs so very abundantly, as it has 
therefore been exposed to very different degrees of 
pressure, and as it is necessarily occasionally inter- 
mixed with other substances, many kinds of it differ 
in their structure, colour, &c., to which distinctive 
names have been given. Thus, when it is compact 
and takes a fine polish, it is termed marble; and 
again of marble there are very many sub-kinds. 
There is a limestone in which the putrifying remains 
of the flesh, &c., of the animals are present, and which 
gives an unpleasant smell to it ; whence it is called 
stinkstone : chalk is a crumbled-down sort of lime- 
stone; and when chalk is mixed with alumina or clay 



318 PHASI8 OF KATTEB. BookIL 

it is called a marl. An important subvariety of 
limestone is — 

a. Dolomite. This mineral, which is sometimes 
named magnesian limestone, contains, besides car- 
bonate of lime, from twenty-five to fifty per cent 
of carbonate of magnesia, and usually also a small 
quantity of carbonate of iron. This magnesian lime»> 
stone forms large tracts, especially in the north of 
England, and occurs in smaller quantities in many 
localities. 



VL Apatite. 

This important mineral is found in almost all for- 
mations, although never very abundantly. It occurs 
in the primitive rocks, in mica slate, in igneous rocks, 
and probably into every one of the transition and 
subsequent formations. The following is an analysis 

of it: — 

Ume ....... wao 

Hydrachlorie add -43 

Photpboric and fluoric acidi, and loss - - 44*37 

100- 

The quantity of fluoric acid is small. In fact, the 
value of apatite depends upon its affording phospho- 
rus to the soil; and we have reason to believe that all 
the phosphorus that exists in animals and plants has 
been originally derived from apatite, and indeed that 
all the phosphorus that will exist in future animals 
and plants must be derived either from dead bones, 
&c., or from this mineral. 

It usually occurs in six-sided prisms. 
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VII. Gypsum. 

Gypsum is a mineral common to almost all the 
formations, but more abundant in the later ones. It is a 
sulphate of lime with twenty-one per cent, of water. It 
has unquestionably been formed by some of the sul- 
phur originally created in this world becoming con- 
verted by contact with oxygen into sulphuric acid, 
which acid has subsequendy gradually combined with 
the lime of the earlier primitive rocks. 

The sulphur essential to all fertile soil is mainly 
derived from gypsum. There are, however, other 
sources of sulphur to soil ; for sulphur itself occurs 
pretty extensively native, and some of the metallic 
sulphurets exist to a great amount. 



VIII. Rook Salt. 

This very familiar mineral is most extensively 
distributed. In fact, if it does not exist in any part 
of the subsoil of a country, it is almost invariably 
present in the air over it, having been originally de- 
posited there by evaporation from the sea, and con- 
veyed from place to place by means of winds. Rock 
salt is composed of sodium and chlorine, and tlie 
greater part of these two elements that soil must 
possess is obtained from common salt.* 

* Another common mineral lAflmr spar. It is fluoride of 
calcium. 
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The above eight minerals are of importance, be- 
cause they are those that originally formed and still 
keep up the constantly wasting soil, and therefore it is 
they that form the greater part of the solid structure 
of plants, of animals, and of man. Regarding them 
in this light, they are of the greatest consequence to 
us, inasmuch as our material existence entirely de- 
pends upon them ; and were one of them to become 
exhausted, all animal and vegetable life would (as 
will be soon explained) become quite impossible. 
Man, however, is not content with mere existence. 
Once, as we now know, he was ignorant of metals 
and the art of working them ; and, mere savages, 
our ancestors dwelt in subterranean holes, their only 
tools for chase or industry being composed of stone. * 
Increasing intelligence discovered the metals ; and now 
their constant employment is essential for our comfort, 
if not for our very being. Hence the minerals that 
contain metals, or the more important metallic ores, 
are of the greatest interest to us, and some of them 
demand at least an enumeration. Farther there comes 
a time in the history of civilisation when mankind, 
having attained the useful and indispensable, seek the 
gorgeous and the rare. Hence it will be necessary 
to run through the minerals that contain, or that are, 
gems. But now we have arrived at an epoch when 
industry and applied skill and science seek to enlarge 
the bounds of human comfort, perhaps the destinies of 
humanity. To do this we have pressed into our ser- 
vice certaia other minerals; and these carbonaceous 

* See Wilson's Prae-historic Annals of Scotland. 



Chap. L COMPOSITION OF MINERALS. 321 

minerals, or coals, have so well played their part, that 
we cannot pass them over in silence. We proceed, 
then, brieflj to notice the more important metallic 
ores, the gems, and the coals, all of which form part 
of the stracture of the crust of onr globe. 

Metals generally occur combined with other sub- 
stances. A few, however, are found alone, or, to use 
the technical expression, native. Two or three of 
these claim attention, and we begin with — 



IX. Native Mercubt. 

Mercury occurs native, although very rarely, in 
all geological formations. Owing to its fluid state it 
is generally found at the bottom of a fissure. It is 
most abundant in Gamiola and Spain, but is found in 
many other places, including, it is said, among others, 
the neighbourhood of Berwick. 



X. Native Gold. 

Gold is found native; sometimes, but rarely, in beds ; 
but more frequently disseminated, particularly among 
quartz, and in grains or larger masses among sand. 
It is, however, entirely confined to primitive or meta- 
morphic formations. As the more recent formations 
have been formed from the disintegration of previous 
primitive ores that probably likewise contained gold, it 
becomes a curious question, what has become of it? 
Perhaps it exists in the more recent formations in a 

VOL. I. Y 
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state of such minute division as to have escaped ob- 
servation. 

Native gold has been found in the alluvial soO 
near LeadmiUs in Lanarkshire ; a locality indeed that 
was once successfully worked as a gold mine. It has 
also been found amongst the granites of Ccumwall 
and Wicklow ; and indeed the largest ^^ nugget " met 
with in Europe came from this last-mentioned loca- 
lity. Several gold mines are still in operation in 
many parts of the old world and in South America, 
and many have been given up as unprofitable. In 
recent times most extensive gold fields have been dis- 
covered (or rediscovered) in California and Australia. 
It may perhaps be doubted, however, if these dis- 
coveries will have the wonderful e£Pects that are some- 
times anticipated. 



XI. Native Iron. 

Small portions of native iron have occasionally 
been found, but we here notice it for the sake of 
mentioning meteoric iron, which is very interesting, 
inasmuch as it would seem to indicate that, in some 
respects at least, the chemical composition of the 
moon resembles that of our globe. For a long time 
it has been an object of popular belief that stones 
fdOi from the air upon the earth, and one of these 
stones was worshipped for long in a Syrian temple. 
But it is only within the last century that the evi- 
dence regarding them has become so strong that 
scientific men have recognised their existence. Many 
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have fallen at many different parts of the world; 
but when analysed they all agree in affording a 
large quantity (about ninety per cent.) of native 
iron, and some of the very rare metal nickel, with 
varying traces of sulphur, cobalt, &c. 

The most probable origin of these meteoric stones 
is, that they have been ejected with such force from 
some of the many volcanoes that exist in the moon, 
that they have fallen out of the attraction of that 
satellite into that of our planet 



XII. Cinnabar. 

This mineral is the principal ore of mercury. It 
is found in the primitive and the igneous rocks, 
in the transition formations, and pretty abundantly 
in sandstone lying over coal. It is the sulphuret 
of mercury, and is extensively prepared by mixing 
sulphur and mercury for the purpose of forming a 
pigment. 



XTTI. Copper Ptbites. 

This mineral is. the most abundant ore of copper. 
It is the sulphuret of that metal mixed with a little 
sulphuret of iron. It is found in a great many 
rocks, and occurs in granite, gneiss, mica-slate, clay- 
slate, igneous rocks, the graywacke, and the lime- 
stone, coal, and sandstone formations. 

T 2 
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XIV. HiEMATITE. 

This is one of several important ores of iron, 
and is an oxide of that metal. These ferruginons 
ores, along with other important economical metallic 
ores, will be again noticed. We proceed to name 
some of the more important minerals that are used 
for ornamental purposes. 



XV. The Diamond. 

This most precious and esteemed of gems is a 
simple body, being composed only of carbon. The 
usual places where it has been found is over the 
most recent formations ; and the diamond is usually 
considered to have a vegetable origin. But it would 
now appear certain that diamonds have been dis- 
covered in mica-slate ; and as, during the time the 
mica slate was being deposited, there was no vegeta- 
tion, many maintain that this form of carbon has 
some other origin than a vegetable one. The specu- 
lations that have been made upon the subject are not, 
however, very definite ones. 

The most usual form of the diamond is in octo- 
hedrons. 



XVL Hyacinth. 



This gem is often sold as a diamond. Its chemical 
constitution is, however, very different It is a siU- 
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cate of the rare earthy oxide zirconia. The following 
is an analysis of it: — 



Saicic acid - 


. 


- 26-5 


ZirconU 


. 


- »0 


Oxide of iron 


. 


•6 



96-0 



It is principally found in the igneous rocks and in 
syenite. Its usual form is four-sided prisms. 



XVII. Sapphire. 

This is next to diamond the most esteemed of the 
precious stones. It is principally found in alluvial 
soil formed by the decomposition of the more recent 
igneous rocks. It consists essentially of alumina^ with 
a little lime and oxide of iron. 



XVIII. Emerald. 



This gem when it does not possess a brilliant 
green colour is named a beryl. It contains two rare 
elements. The following is an analysis : — 



SiUcicacld - 


. 


. 64-40 


Alumina 


. 


- 1400 


Gludna 


- 


- 13-00 


Lime - 


. 


- 2-56 


Chrome oxide 


- 


- 8-60 



Tantalic acid has also been detected in some spe- 
cimens. It occurs generally in six-sided prisms. 

T 3 
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XIX. Coal. 

Coal is composed of wood that has been sub- 
jected to strong pressure, and of course the chemi- 
cal composition of the coal is the same as that of the 
trees that have furnished it. As we shall see in the 
next Book, all wood contains a very large quantity 
of carbon, and accordingly we find this element pre- 
dominate in coal. Wood, too, as we shall likewise see, 
also contains oxygen, hydrogen, often nitrogen, and 
a small proportion of mineral matter known by the 
name of ash. As a matter of course coal contains 
these also. In whatever formation there was vege- 
tation in that there may be coal ; but as, during what 
is called the carboniferous period (soon to be noticed) 
the vegetation was characterised by extreme luxuri- 
ance, by far the greater quantity of coal is found in 
it. Of the varieties of coal we may enumerate — 

a. Graphite. This substance, or blacklead as it 
is sometimes very improperly (for it contains no lead 
at all) called, is sometimes a coal, i. e. of vegetable 
origin. Thus, there is a coalfield in Ayrshire upon 
a portion of which has been found some recent vol- 
canic rock, the heat of which has converted the coal 
near to it into graphite. The graphite used for 
making pencils in Cumberland is probably derived 
from the scanty vegetation of the Cambrian forma- 
tion. But we sometimes find graphite in the gneiss; 
and in such an instance, the same as when we find 
diamond in the mica, we can only say that carbon in 



1 
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the very earlier days of the world has had a career of 
which we have now no knowledge. 

Grraphite is rich in carbon^ and contains a small 
ash. The other substances^ as iron^ alum^ &C.5 that 
have been found associated with it, are probably ac- 
cidently so, although the iron is very constant in its 
presence, and graphite is often artificially formed in 
iron furnaces. 

6. Anthracite. This is common coal altered by 
heat, and generally containing less oxygen and hy- 
drogen. It is common in many of our coal fields, and 
is particularly so in some of the United States of 
America, where it is extensively used for economic 
purposes. 

c. Common Coal This is the usual coal formed 
out of the forests of the carboniferous era. The fol- 
lowing is an analysis of a Welsh coal : — 



Carbon . 




- 85'M 


Hydrogen 




- 3-72 


Sulphur - 




•12 


Oxygen - 




. 4-55 


ABh 




- 609 



lOO-CO 



d. Brown Coal, This is a more recently formed 
coal than the last, and is often only partially con- 
verted into coal. It is found in the oolite, the chalk, 
and the tertiary formation. It contains a much less 
proportion of carbon than common coal, and much 
more oxygen, hydrogen, and combined water, and 
therefore bums much worse. It is generally beat in 
troughs, made up into bricks, and dried before being 
used. 



T 4 
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Of the above minerals the first eighty with their 
subvarieties, occur by far the most abundantly, and 
the student ought to be familiar with their chemical 
compositions. The minerals and the mineral ores are 
much more sparingly distributed among the crust of 
the earth, yet still in sufficient abundance to minister 
to the wants of industrious man. The gems, together 
with many other minerals that we have not enumer- 
ated, are rare, and for our present purposes in this 
work of very little consequence. Still it was neces- 
sary to notice them, in order to obtain a just notion of 
the manner in which the elements of matter are 
grouped together and arranged in the inorganic world 
of nature. 
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CHAP. IL 

THB CHBHISTBY OF THE ROCKS. 

We have already seen that all the objects that form 
the crust of this globe are composed of a comparatively 
few elementary bodies. Sometimes these elements 
occur alone and unassociated with other substances ; 
and we can always isolate them in the laboratory. 
More frequently they occur combined according to 
certain fixed laws with other elements^ forming com- 
pound bodies. Sometimes we find these compounds 
pure^ and by art we can always make them so ; but in 
nature it is usual to find even two or three compounds 
associated together^ forming a homogeneous structure 
which has a texture^ mode of breaking, &c., which 
distinguish it from all other Substances. 

Such are nearly all the minerals noticed in the 
preceding Chapter. Quartz, for example, is com- 
posed of oxide of silicon mixed with a little oxide of 
aluminum ; felspar is a mixture of silicate of potassa, 
tersilicate of alumina, and a little lime ; albite is a 
mixture of silicate of soda, tersilicate of alumina, a 
little potassa, lime, magnesia, and iron ; and so on for 
the rest. Now, as a compound body is formed by 
the union of its elements, as a mineral is formed by 
the union of compound bodies, so is a rock composed 
by the union of minerals. 



330 PHASIS OF MATTER. Book II. 

Geologicallj speaking, a rock is a mineral mass of 
sufficient size as to be regarded as an essential por- 
tion of the surface of the globe. It does not signify 
as in common language, an exposed, perpendicular, 
and hard surface ; for it maj be covered by other 
rocks, or lie in a fiat position, and be either hard or 
soft. 

It is not, however, quite correct to say that a rock 
is always composed of more than one mineral ; for 
some minerals, as quartz, chalk, and others, do some- 
times exist alone in such large masses as to constitute 
undoubted rocks. The following is a list of the more 
important of the rocks, and of the minerals of which 
they are composed ; and by referring to the previous 
Chapter the reader may ascertain what the chemical 
composition of any rock is, and, therefore, as will be 
afterwards explained, what the chemical composition 
of the soil formed by its decomposition will be. 

It is, however, proper to state here, that our know- 
ledge regarding rocks is by no means so accurate and 
precise as it could be wished to be ; and many rocks 
undoubtedly contain minerals which are not as yet 
set- down in the books. 

Of the rocks in which quartz is a prominent in- 
gredient we may select — 

Sandstone. This is nothing but quartz which has 
been water-carried and then compressed. Hence it 
is neither so hard, so compact, nor so close-gained as 
quartz in its more primeval state. It is often of a red- 
dish colour, which is generally owing to the presence 
of iron. It, perhaps, also always contains apatite and 
minerals made up of lime, soda, chlorine, &c. 
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Among the rocks characterised bj containing fel- 
spar the most important are — 

a. Granite. This essentially consists of quartz, 
mica, and felspar, the last being the most abundant 
But granite almost invariably also contains, although 
in less quantities, apatite and many of the other mine- 
rals mentioned in the last Chapter. 

b. Syenite. This merely differs from granite in 
containing hornblende in place of mica. In both 
granite and syenite there are often distinct crystals 
of felspar imbedded in the granular mass, in which 
case both are said to be porphyritic. As a producer 
of soil, syenite mamly differs from granite in affording 
more lime. 

c Compact Felspar is principally a mixture of fel- 
spar and quartz. 

d. Protogene. This rock differs from granite in 
having talc, steatite, or chloride in place of mica. 

These three rocks are unstratified, and each has 
clearly been a fluid mass rapidly cooled. 

e. Gneiss. This is merely a variety of granite 
which has been metamorphosed ; i. e. derived from 
extinct granite mountains, and which, as it has been 
deposited by degrees, occurs in layers. 

Among the rocks characterised by containing mica 
as the principal ingredient may be enumerated — 

a. Mica-slaie. This is a stratified rock, of which 
the two principal (it, doubtless, in general contains 
some of almost all those enumerated in the last 
chapter) minerals are mica and quartz. It is either 
metamorphic granite or gneiss. 

b. Clay-slate. This is often probably metamorphic 
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mica-slate. During its deposition the particles of 
mica have been very much rubbed and ground down, 
and hence it has a glistening, homogeneous appear- 
ance. 

We may next notice the talcose rocks, as they are 
sometimes called. 

a. Chlorite-slate. The two most important ele- 
ments of this are chlorite and quartz. 

& Talc-slate. The two most important elements 
of this are talc and quartz. 

Both these are very slaty rocks, and are* meta- 
morphic granite or gneiss. 

c Serpentine. We have before mentioned the 
mineral serpentine. The rock of this name is com- 
posed of the minerals steatite, chlorite, iron^ horn- 
blende, limestone, &c. 

Then come the rocks in which hornblende pre- 
ponderates. We will only put down hornblende- 
slate. This is mainly composed of hornblende and 
felspar. It is a stratified rock and is metamorphic 
granite. 

We pass to the auntie rocks, or those in which 
augite preponderates. 

a. Greenstone. This is mainly composed of augite 
and felspar, the crystals of which are large and dis- 
tinct 

b. Basalt. This is also mainly composed of angite 
and felspar; but the crystals are so small that they 
are indistinct, and the rock presents a homogeneous 
appearance. 

Both these rocks are unstratified ; and, instead of 
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being metamorphic granite, have been ejected by 
volcanoes^ and belong to the class of igneous rocks. 

Argillaceous rocks are those in which clay or 
alumina predominates^ and are metamorphic from 
older rocks rich in felspar ; but they contain many 
other minerals besides alumina ones. They are 
always stratified rocks^ and are formed by the dis- 
integration of the particles of older ones. 

Calcareous rocks are characterised by containing a 
large portion of carbonate of lime^ which is derived 
from the skeletons or shells. of the inhabitants that 
have dwelt among them while they were forming. 
The rest of their constituents are metamorphic ; i. e. 
derived from the destruction of older rocks. The 
most important of these rocks are — 

a. Primitive Limestone. This is mainly character- 
ised, in a physical point of view, by its toughness. 

b. Secondary Limestone. This is mainly charac- 
terised, in a physical point of view, by its easy fran- 
gibility. 

c. Oolitic Limestone. This is remarkable by its 
being composed of grains agglutinated together. 
These grains vary in size from an extreme minute- 
ness to that of a pea. 

The minerals chalk, dolomite, and gypsum, before 
mentioned, are also rocks. 

Then there is a class of rock of a still more com- 
pound nature than common rocks; to wit, rocks 
evidently composed of fragments of two or more 
other rocks. Many of the so-called sandstones are 
clearly of this nature : and another very mixed rock 
is the graywacke, which will be noticed in the next 



